ENCAPSULATION CHARACTERISTICS AND MECHANISM OF ENCAPSULATION OF POLYENE MACROLIDE ANTIBIOTICS IN LIPOSOMES by Moribe, Kunikazu
霊園配 腰 S耶 済 濫鋤圏 配既魔鼠鬼配管濫
廃園馳望済監虻露鬼国富S】済 紛野 鼠関配
S 響濫配S
S即 済 濫⑬謝
⑬野際鋤鮎暫濫圏既望楓鬼灯鼠⑬配置勘監鬼因習濃霧憲ゆ管濫虻S
登園 臥富野⑬S鋤 閲監S
監訂 岩野ヨ鳩､ゆ
豊車⑳¢
監
鼠NCÅ㌘S 即臥魂甘濫⑬N 虻既Å鼠ÅC甘藍遷弧S 甘夏C S
A N 勘プ覗濫C 既Å阿丑S]覗 ⑬野 鼠NCA 野S町臥A T瓦ON
O伊野0乱Y 鼠N 濫朋二ÅC 鼠0 乱濫E) 鼠A N 甘濫凝濫0甘瓦CS
瓦N 乱文暦OSOプ関配S
駅 N 丑監A Z 即 MO鼠互選鼠
2⑬⑬⑬
A bbreyiatio ns
Ac- Am B:
AI D S:
Am B:
A M E:
B M T:
C D:
C H:
D P X:
D S C:
D P P C:
D D S:
D D W:
Diaz ald(R):
D P H:
DPI) -P E G:
D S P A:
D S P E:
D S P E-P E G:
DS P G:
D T-P E G:
ES R:
F C CP:
3H- C H:
3H - C H E:
M L V:
N M R:
P B S:
P E G:
P E G- Os u:
PyTanine :
R ES:
S UV:
Tc:
tm aD P H:I
N- a cetyl- amphotericin B
a cquiredim m unedeficie n cysyndr o me
a mpbotericin ち
a mpbotericin B m etbylester
bone m arrow tr a n splantrecipie nt
cir c ula rdichr ois m
cholester ol
p- Ⅹyle n e-bis-pyri dinium br omi de
differe ntials c a n n ing C alo rim etry
dipalmitoylpbospbatidylcboline
dmgdeliverysystem
do uble distilled w ate r
N - m ethylrN -nitr o s o-p-tolu enesulfon ami de
1
,
6-diphenyl
-1,3,5-hexatriene
αイdipalmitoylpho sphatidyl)- ” -hydr o xy poly- o Xyethyle n e
diste a roylpbo spbatidic acid
diste ar oylpbo spbatidyletbanola min°
diste ar oyl-N -(m ono metho xy poly(ethyle neglycol)suc cinyl)
pho sphatidyletha n olamin e
diste aroylpbo spbatidylglycer ol
α - m o n o metho xy- ” -(1,2-ditetra - dec anoylo xy glyc eryl)
polyo xyetbylen e
electr o n spl n r es o n a nc e
c arbo nylcyaJlidep
-(triflu oro m etho xy)phenylhydr a z o ne
3H - cholester ol
3‡Ⅰ- cboleste ryl bex adecyletber
m ultila m ela rv esicle
nuclea r m agn etic res o n ance
pho sphate
-bufferedsaline
polyethyleneglycol
m o n o m etbo xy polyethylen eglyc ols u c cinimidylsu c cin ate
8-hydr o xyp yrene -1J3)6-trisulfo nic acid
retic ulo e ndothelialsystem
s mallu nila m ellar vesicle
geltoliquid- crystallinephasetransitio ntemper atu re
1-[4<trim ethylamin o)phenyl]-6-phe nylhex a-1,3,5-triene
Table of Co ntents
Intr odu ctio n
Chapte rI
Enc aps ulatio nC haracteristics of Amphotericin B inP E G Lipo s o mes-
1.1. Intr odu ctio n
l.2. Res tlts and dis c u s sion
l･2･1 En c apsulatio n cbar a ctedstics of Am B inP EGlipos o mes
1.2･2 Stえbilityof Am B- e n c apsulated P E G lipo s o mesin vitro and in viv o
l.2 3 Mole cularinter a ction betw e e n An BandDSPE-PE G
1.2.4 Me chanis m of Am Benc apsulationin P E G lipo s o m es
C hapterII
Me血 a nism ofthe En c apsulatio n of A皿pbotericin ちinLipo s o m e s
2.1. Intr odu ction
2.2. Res ults and dis cussion
2･2･1I En c apsulatio n char a cteristics of An Binlipo s o mes
2.2.2. Surface state of An B- en caps ulatinglipo s o mes
2.2 3 Molecularlo c aliz atio n andstate of Am B inP E G lipo s o mes
Chapte rIII
En capsulatio nCha r a cteristic s of Nystatinin Lipo s o mes
3.1. Ⅰ皿tr Odu ctio n
3.2. Results
3･2･1･ Encaps ulatio nbehavio r ofnystatininlipo s o me s
3.2.2. Self- as s o ciatio n ofnystatin with lipo s o m alm embranes
3.2.3. M olecularinter a ction betw e en nystatin and D SP EIP E G
3.3. Dis cus sio n
Cb叩terIV
Molec ularState ofNystatin En c apsulatedinLipo s o mes
4.1. Intr odu ctio n
4.2. Re s ults and dis cussio n
4.2.1. Su rfa c e state oflipo s o m alm e mbr a nesinthepre sence ofnystatin
4.2.2. M olec ular state ofnystatininlipos o mes
4･2･3･ Lipo s o malstability a nd lo c atio n ofnystatin in nystatin
-
en capsulatinglipos o mesin vitr o
- 1 -
18
19
19
21
23
2 8
28
29
29
31
32
35
37
7
9
9
ll
13
15
18
37
3 8
38
40
46
Chapte rV
Co mparis o n ofthe Enc apstl ated AJ n O untS Of Polyene Ma cr olide
Antibioticsin Lipo s om es
5.1. btr oductio n
5.2. Res ults and dis cus sio n
5･2･1 Enc apsulatio n characteristics ofpolyene m a cr olide antibiotics
inlipos o mes
Chapte rVI
Preparation of AmB
- enc apsulated P E G Lipo s o mesbyHigh
-
pres s u re Ho m oge nizer:A imingfo rthe La rgeScaleProduction
witboutOrga nicSolv ent
6.1. intr odu ctio n
6.2. Results
6･2･1･ Physic o chemicalpr operties andbiodistributio n of P E G lipo s om es
prepa red byhigh
-press ure hom ogemizer
6･2･2･ Prepar atio n of Am B
- e ncapsulated P E G lipo s o mesby
high-pres sureho m ogenizer
6 3. Discus sio n
Co n clu sio n s
Ackn o wledgm ents
Materials and Methods
Refere n c es
Public atio ns
Refer e e s
- ii-
49
4 9
5 0
5 0
53
53
54
54
57
5 9
60
63
64
75
83
84
‡ntroductio n
Fungihavebe en rec ognized-as anin crea singlyfreque nt c a use of debilitating a nd fatal
infectio n sin a v ariety ofpatie nt populatio n s
1)
I In cluded a m ong patients at risks are
those with m align ancies, チcquired im m un e deficien
cy syndr o me (Al D S),
haem atologic al dis e ase s, exte nslVe traum aa nd bu m w o unds, diabetics, s olid-organ a nd
bo ne m arr o wtr an spla nt (B M T) recipients a nd prem attlre infants
2･3)
･ T he rising
inciden ce of fungal infections is a c onsequ en ce of certain c ontempor
'ary m edical
pr a ctice s uch a sin crea血 glyinten siv eche m otherapy,
,greater use ofim m uno s uppr essiv e
drugs, and wider use ofve nous acc essdevices
4)
I systemic myc o sesfall intotw odistinct
c ategories･ one is the pathogenicfungi Which catlSe myC OSeS Such a sbla stomyc o si ,
c o c cidio do myc osis a nd histoplas m o sis･ Pathogenic fungihave not in creased in
&equ en cy' there is an in c rea se in severity a nd in v asiveness when infectio n o c curs･
Anotheristhe opportunisticfungiwhich are m o stfrequ e ntly as s o ciated with myc o ses
s u ch as a spergilo sis, c rypto c occ osis a nd c a ndidiasis･
T he ideal antifungal age nts fo rthe r apeutic uses shouldpo sses s pote nt, bro ad
-
spe ctm m, 血 ngicidal activity' min血alto xicity and 鮎Ⅹibility of o ral orpar
enteral
ad ministr ation, fav o rable phar m acokinetics and effective tiss ue penetratio n･ No single
age nt ba島be en able to meet allofthese c ondit o n s･ A mpbotericin ち (AmB)is a
naturally o c cu r ng polyene ma c r olide a ntifungalagentpr odu c ed by certain strain s of
strepto myces nodo s u s
7)
･ Itha slittle o r n oeffe ct o nba cteria;butis very activ ein vitr o
again st m any species of fungi･ The c o mpo u ndpos ses ses along on ea xis ahydrophobic
polyhydr o xylch ain and o nthe other alipophilicpolyene hydr o c a rbo n ch ain
8)(Fig･ 0-
I)I
T hese do main s a re JeSPO n Sibleforthe a mphiphatic n atu re ofthe drug･ Al thoughthey
c o nfe rv erylo w s olubilityin both aqu eo u s a nd orga nic s olv ents
9)
,
they allo w An Bto
interc alate into c ell m embranes･ T he sele ctivity of Am B for fungal rathe r than
ma7 m alia n cellsistho ught to be du eto ahigher affintyfo re rgo ster ol, which isthe
m ajor Ste r Ol fo und in fungal m embr an e s
10)
･ To gal na c cesstO ergOSter Ol, Am Bm ust
血stpas stbrougbthe rigidcellw alloftbe 血ngus
ll)
･ on ceinthe m embrane, the dm g
for m s abarrelpore which allo w sio n sto tr an s ver se thelipid bilayer
8)(Fig･ 0-1)･ This
resultsin depletio n of io ngr adients,le adingtoleakage ofcellelectrolytes and cell de ath
12)
･ other pr opo sed m echanis m s of a ctio nin clude lipid per o xidatio n, inl1ibiton of
m e mbr ane en zym e s,blo ckade ofendo cytosis a nd im m une stim ulatio n
8･9)
Am Bhasbee n u sed in pr ophyla ctic, empirical, first
-line a nd s alv age ther apleS･
pr ophyla ctic antifungaltherapyhasbe en employed in high-risk patients to reduce
invasiv e in fe ctio n sdu eto Ca ndida
13)
･ Empiricaltherapyisthe m o stbeneficial w ay of
treating pres um ed systemic fungal infe ction
14)
･ An Bc an als obe employed as afirst-
1ine_treatm e ntfo r a
n umber of systemicfungal infectio n s
15)
I Flucytosine, a z oles a nd
tria z oles w e re sele cted asalte m ativ e
.
agents(Table 0-1)･ Salvage ther apyis effectiv e
in patients whofai ledto respo nd or ln Who m diseas epr ogr
essed while r e celV lng Other
antifungalagents
13)
A But
,
applic atio n of Am B fo rther ape utic?seshasbe en restricted by
the chr o nic and a cute adverse effect. Ren al a nd haem atologicaladverse effects a r早the
m ajor Chr o nicto xicity see nin patients recel V lng Am B
5.16)
･ Acute to xicity, s u ch as
phlebitis, fe v er a nd chills are u sually observ ed duringtheinfection period･ Therefore,
de v elopm ents ofthe carrier system fo rthe
･therape utic uses of-Am B havebe en required
and thelipid- based engln e erlngS u cha slipo s om e sha sbe en studied･
- 1 -
Hydr ophnic stretch
0 ⅠI 0O EO E 0 ⅠⅠ 0Ⅰ‡ 0
ⅠI O O C
Ⅱ
E
E
.5B
Lご聖+
0 Ⅰ王
Ⅱ3C
Hydrophot)ic str etch
Myc os a min e r mg
0
C ‡Ⅰ3
C H3
0 E
Top vie w
(a ss e mbledpore)
Hydr ophilic stretch
Hydrophobic stretch
A 皿p血ote
i
rid皿 B
B
謁p
orre
Leakage of
c ellel.e ctr olytes
i
T
Celユde a也
Fig. 0-1 Structur al feature s ofamphotericin B andthe m echa nis m ofactio ninbiological
membranes. See re王. 8.
Table0-1 T ber ap y払r choiceforselectedsystemic 皿yC O SeS･ Se eref･15･
D iseasa Preferred agent Alter n ativ e age nt
Asperginosis
Bla stmyc o sis
Candidias s
Co ∝idio do my00 sis
Crypto c o c co sis
Histopla s m o sis
A nphotericin B士fhcytosin e orifa mpicin ltra co naz ole
A Ⅲpbotedcin B orketo c onaz ole
A mphotericin B±fhlCytOSin e
A mphotericin B orketoco naz ole
A 叩bote ricin B 皿 d 皿n cyto s血e
A mp血otericin B o rketo c o n az ole
? Keto c o n az ole
,
? FltlCO n aZ Ole
Itr a co n az ole,? Flu c o n az ole
ltr a c on az ole
,
M ic o n az ole,
Flu c o n a z ole
Itr a c o n az ole
,
F hc o n az ole
ltra c o n a z ole, ?Flu co n az ole
Lipo s o mes, which are pri m arily c o mpo sed of biodegradable, re usable a mphiphatic
m olec ules
,
su ch aspbo spbolipids, with abydr opbilicbe ad and abydropbobictail, v ere
缶st obsen/ed by Bangbam et all in 19 64
17,1 8)
I T hese w e reshow n to be m embranous
v esicles en closing a s mallam ount of aqu eo u s medium
19) andthepreparAtio nte c如iqu es
allo w c ontr ol ov er size, la meua rity andtr apped aqueous v olu m e ･ Phospholipidsin a
bilayer undergo atem per ature
-depende ntphasetr ansitio nfr o mgeltoliquid
-c rystallin e
state･ Thefatty a cylcbain s are tigbtlypacked in the gelstate, vberea sthey are m o re
m obile abo ve the tr a nsition te mper ature(Tc)･ W ater-soluble substapces such a s certain
dr ugs, e n zym e s o rgenes, c a nbe entr apped withinthe aqueo u s spa ce of bilayer, whe r
eas
w aterin -s oluble entitie s su ch aspolye n e a ntibiotics 弧d otherlipids olubledmgs c a nbe
in c orpo r atediⅡtothe lipid bilayer(Fig･ 0-2)･ Because ofthese fund am entalpr operties,
lipo s o m esha ve been expected a s a c amier fordrug delivery･ Lipos o m al o r
,lipid
basedpha - a ceuticalpr oductsin clinic al or appr o ved fo rh um an use w ere s um m arized
in Table0- 2.
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Table O12 Lipo s o malorlipidbasedpha m acetlticalpr oductsin clinicalo rappr o ved
fo rhtlm an u se .
Pro血 ct DrtlB Co mpa ny Statu s/Cotlntry I丑dic atiorl汀a rget
AmB is o m eA mphotericin B GIL E ADScien c es Ap pr oved in 37
c otlntries
Japan:Pha seII
A belc et A mphotericin B lme Lipos o m eCo mpany Appr o ved in 24
c o u nlries
Nyotran Nystatirl Aron exPhar ma cellticals P has eIIPII in U SA
M iKasom e A mikacin GI LE A D Scien ces P has eII in U S A
Doxiユ Do x o rubicin Sequ nsPhar m ac euticals Appr o ved in U S A
a nd Europe
Da u n oXo m eDatln O rubicin GI LEA D Scienc es Appr oved in U S A
andEurope
T L C- D9 9 Do x orubicin T he Lipos o m eCo mpaLny P has eIIIin U S A
Ve ntus Pr ostagla ndin El ¶1eLiposom eCo mpally P haseIII in U SA
FtmgalinfectiorlS
Ftlngal infectio n s
Fu ngalinfection s
FⅦngalillfection s
Kaposis arco m a
in A ID S
Kaposis arco m a
h A ID S
M etastatic
bre ast can c er
Actle reSPiratory
distress syndro me
W at er
I?p
ゴ韓
破 ギ
亀 や 苛
～ ♯
■ヰ i ～
押 書 Water-s o[uble age nt
◎ Faトso(ub(e age nt
Fig･ 0-2 Schem aticdiagr a m of fat- a nd w ater-s oluble agents en c apsulated in alipo s o me.
See ref.48.
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The co nv ention al lipo s o malpharm a ce utical agentshav e un 1quePhar m a c okinetic and
phar macodynamic char acteristics and appeartobe retained selectivelyinthe o rgan sof
the retic uloendotbelialsystem (R E S)su ch asliv er, sple e n, lu ngs and lymph n odes
20)
Since c on v entio nal lipo s o mes a re ea sily rec ognized a nd ops onized by protein s of
im m u n esyste m, they are finally Ingested by phagocytic cells such as m o n ocytes,
providing a m echanis mfo rtargetingtothe sites･ How e v er,ithasbe e nre cognizedthat
thereis a tr em endous ne edto deliv er drugs, espe ciallyhighlyto xic o nes bytargeting
them to specific sites a nd a v oidinghealthy o rgan s, tis su es and ceus･ Fr o叩 the rea s o n,
se v eral approaches ha v e be en developed that incre ase the ci- l ation
'
tim es of
con v ention al lipo s om es . Fo re x a mple, s mall, u ncha去ged lipo s o mes circ ulatelo ngerby
presaturation of R E S by emptylipo s om 巳S･ Lipo s om es co mpo sed ofpbo spholipidwith
s atロ aーted and long hydr oc arbo n chain s and the high a m oロntS Of cholester ol als o
c o ntribnte tothelo nger circ ulatio n･ B叫 tbese 血pr ov em ents are n otsignificant e nough
to produ ce m u ch advantage ov er existing D o n-1ipo s o maltreatm ents･ Subsequ ent
appr oa ches were
･
the v arious surfa ce m odific atio n s of lipo s o mes by c o ating with
pr otein s
21)
o rglycolipids
22)
･ An d later
,
a new drug deliv ery system (D D S)has
em erged by Allen
23)
,
papahadjopoulo s, a nd Gabiz o n
24)in 1987
,
s o c alled
,
”Stealth
”
lipo s o me by u si ng ganglio side GM l･ The m o stimporta nt m ov em ent w as based o n an
analogywith efforts toimpr ov e cir c ulatio ntim es ofpr oteins by P E Gylatio n
25)
and
n a n oparticles with ads o rbed block copolymers
2句
･ Lipo s om es withsurface
-graftedP E G
chain s were thu sintrodu c ed
27-29)
as re view ed in refs. 30135(Fig. 0-3). Since these
sterically stabilized lipos om es show the lo ng
- circulation pr opertyin blo od a nd the
a v oida n ce of R E Suptake, these are a v ailable to deliver d印gs and other agents to
specificta rgetsitesinthebody･ Recently, steric allystabilized lipo s om al form ulatio n s of
do x o rubicin 336･3
7)(Do xil
T M
or caelyx
TM
) and da un o rubicin
38)(Da u noXople
T”)hav e
be en ap prov ed fo rhu man usein U S Aa nd Eu rope, 1 n addition to the c o m mer cially
available c o nv entio n al lipo s o mal fo 皿ulation of Am B
3914 1)(Am Bis o me
T M
)I
A 符
毎壷
伝
barelipos o m es
一
閃
●
嘗当
竿鞄悶
こ転●
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Fig. 0-3 Schem atic representation ofs mallunila mellarv esicle(S U V)of ba relipo som e s
and P E G lipo s o mes･
+4 _
Sin ce parenter al ad ministratio n of Am Bas a n An B-deo xycholate form ulation
(Fungiz o ne
@)is li mited by the se v e reside effects, s o me fo m ulati. n s.f Am B
encapsulatedinlipos o mes o rin otherlipidca riersha v e r e c e ntlybe en triedto o vercom e
the to xicity pr oble m
39-4 6)
･ co m mercial prepar atio n s s ofar intr odu c ed include
A mBis o m e
⑳
,
A belcet㊥ (A皿 別ipid c ol叫 ex), and A mpbo cil
@
(A 皿 B c olloidal
dispersio n), which ha ve diffe r ent stru ctur ala ndpharm a cokinetic cha ra cteristics40Al,47)
AmBis o m e㊥
,
which is c o n sist of s mall unilam ellar lipo s om es ′J
C O ntaining
distear oylpho sphatidylglycer ol(D S P G), sho w s a relativ ely pr olo nged circulatio ntim e
in blo od, c o ntri buting to the higher therape utic effic a cy tha nthat of FunglZ On e@ .
Co mparis on ofthe the r apeutic efBca cylSals orevie w ed in refs･ 48-50･ How e v er, s o me
pr oblem srem ain･ Fo rexample,lipo s o m al An Bistaken upbythe R E S in vivo anditis
difficult to incorpor ate Am B into lipos o mes wi th 1a rge a mou nts by c on v entional
m ethods･ To ov erco me tho se problem s, lo ng- circ ulating lipos om es m odified with
amphipathic pollyethyleneglyc ol derivativ es, (diste aroyl-N -(m o n om etho xy poly
(ethyle n eglyc ol)succinyl)pho sphatidyletha n olamine, D S P E-P E G)in the prese nce or
abs e n ce of DSP G ha ve be en dev eloped･ Va nEtten et all reported that D S P E-P E G-
in c o rpor ating AnB lipo s o mes sho wed pr olo nged circulation and higher therape utic
ef8cien cy, c o mpa r ed with An Bis o me and Am B lipo s om es without D S P E-P E G
51.52)
Re ce ntly, w e ha v efo u ndthat the pr ese n c eof D S P E-P E Gsignifica ntly Incr e asedthe
encaps ulation effic en cy of Am B intolipos om es･ Therefo re, theselipo s o mes sho wed a
long cir culatio n tim e in blo od and highthe rape utic efficien cy against in vasiv e
pulm o n ary aspe rgiuo sis in mice 53-55)･ Fu rtherm ore
,
Am B- en c apsulating P E G
im m un olipo s o mes, which w ere c o n]ugated with m o n o clonal antibodies at the distal
termin u s ofthe P E Gch ain
,
exhibited highta rgeting affinity to the lung and high
ther ape utic effic ency again st m urinein v a siv epulm o n ary aspergillo sis53･55)
In te rm s ofthe m olec ula r states of AnB in aqu eo u s s olution and in m odelm embrane
Syste ms, SPe Ctral and co mputatio n al studies ha v e bee n done. M o n o meric a nd
aggregated states of An Bin aqueo u ss olutio nhave be e n observed by abs orptio n,
cir c ula rdichr ois m(CD)56
-5 9)
a nd N M R60･61)spectr a, depe nding on the c o n centr atio n.
Rec e ntly, heat-induced super aggr egatedstate of Am B has als obe e ndem o n str ated
62･63)
Str u ctur al info - atio n abo ut the m olecularintera ctio nbetw e e n An Ba nd lip ds or
ster ols als ohasbe en pr oposed
64･6q
･ In c o rpor ation andporefo - ation of An B in alipid
bilayerha ve been studied byion pe - e ability m ea sure m ents
66168)
,
ES R69)
,
abs orption70'7 1'
a nd C D66,6n spectr alte chniques a nd differential s c aming calo rim etry(D S C)
m easure m e nts
72,7 3)
･ T hese resultsindicatedthat the a s s o ciatio n of An B･with ster ols
,
espe cially ergo ster ol, plays animportant r ole o nge ner atingthe tr a n sm embr-ane po re
stm ctu re･ FU 池 E - o re
,
recent theor eticalstndies by c o mpロter Sim ulatio nte chniqu es
revealed an eight- m e mbered An Bchan n elstructure 74-7 7) and the co mplex atio n of Am B
78)
, which is calc ulated in referen ce to the c rystalstru cture of iodo a cetyト
with ster ols
Am B 79).
Physicoche mic alpr operties and m ole c ularstates of Am Bis o me andA belc etha ve als o
be en
_
in vestigated by spectr altec血iques a nd electr o n mic r o scopyto establish the
optim u mfo m ulatio n s of An Ba spha rm a ce utical pr oducts
39･ 80-83) D SP E-P E G-
in c orpor ating AmB lipo s om e s sho wed pr olo nged circ ulation and higher ther apeutic
effic en cy, c ompa r ed with An Bis o me, ho w e ver, the en c aps ulatio n char a cteristics and
m echa nis m of encaps ulatio nis n ot w ellu ndersto od･ Further m o re, this simple a nd easy
Preparatio n method by in c o rpor ation of D S P E-P G w o uld be applicable to the
en capsulatio n of other polye n e macr olide a ntibiotics and hydr ophobic drugs in
lipos o mes.
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h thispoint of vie w,the m ain them e ofthisthesisisto characterizethe en capstlation
e岱 ca cy ofpolyen e macr olide antibiotic sin lipo s o mes a ndto elu cidate tbe 皿 e Cbanis m
of e nc aps ロ1ation fo rt也e pra ctic al applicatio n oftheselipos o mes･ Applicatio n ofs om e
spectralte chniqu es, su ch as abs orptio n, C D, fluores cen ce and
31p-N M Rspectr o scopy,
were pe 血 - edto est血 ate the m echa nism of en c apsulation ofpolyene a ntibioticsin
lipo s om es ･ T histhesis consists of six C hapters･ Chapte rI dealt withthe e ncapsulation
characteristics of Am B in PEGlipo s om es ･ Factor s affectingthe e nc apsulation effic e ncy
of An B in P E G lipo s o mes w ere in v estigated to elucidate the m占ch.anis m of
enc apsulation･ Molecularinter a ctionbetw e en A m B a nd D SP E-P E Gv as estim ated a nd
c o nfi- edbythe chlo r ofor=n/w aterpartitio n, abs orpdon and
31
p-N M Rspe ctral an alyses･
C hapterIIrepresentsthe m e cha nis m ofe ncapsulatio n of Am Binlipo s om es･ M ole c ular
lo calizatio nand state of An B inthelipo s om al m embr a nes w erein v estigated byP E G-
dextr a ntw o-phase partition, nu ores ce nce qu en ching' potas sitlm Pe rm eability a nd
circula rdichr oism (CD)spectr al m easurem e nts･ Three kinds of Am B- e nc apsulathg
lipo s o mes werepreparedtoinvestigatethe e nc apsulation efficien cy andthe m echa nis m
of en caps ulation of Am B in thelipo s omalm e mbranes･ In Chapte rIll, e nc apsulatio n
cha r a cteristic s of a notherpolye n ea ntibiotics, nystatinin lipos o mes was examined and
co mpared withtho se of Am B･ Nystatin, which ha s a simi lar stru cture to Am B, has
be en used fo rthe treatm ent of cutaneo u s
,
v aginal, a nd oralcandida ses B4
-8 8)and sho ws
br o ader spectrum of a ctio ntha n Am B･ Biodistribution a nd therapeutic effic a cy of
nystatin- e n c apsulated lipo s o mes has als obeen de m o n strated by Berenstein et al･
89-91)
,
ho w e ver
,
to xicity pr oblem s such a sthrombophlebits, fe ver, chills, a nd n ausea, ha v e
pre vented parenter al applic atio n of nystatin in pr a ctic al u s ein hu man
92)
. As fo rthe
en c apsulation characteristics, nystatin mor e re adily a ss o ciates with ste rol-fre e lipid
m embranes, while Am Bm ore re adily intera cts with D SP E-P E G. The.differen ce
affectsto the encaps ulated a m ounts ofthesedrugsinlipo so mes･ Stability and m ole c ula r
states of nystatin in fourkinds of lipo s o mes w ere exa min edin ChapterIV in orde rto
elu cidate the e n c apsulation mecha nis m ofnystatinin lipo s om es･ Molec ularinte ra ctio n
betw e en nystatin a ndlipidhasbeen studied by m a ny rese a rchers
93-9 6)
. T helo calizatio n
of nystatin o nthe outer surfa ce ofthe lipo s o m al m embr a nes w asinv estigated by
PE G/de xtr a ntw o-phase partitio n a nd m eas u re m e nt ofthe fluo res c ence qu en ching of
nystatin inlipo s o m es･ T he m olec ular states of nystatin intheselipo s om es v e r e als o
studied by m eas u n ng fluo rescen ce self- quen ching' a nis otr opyofnystatin , abs orptio n
a nd C Dspectral Stability e xperim e nts in vitro w ere als o perfo r med to as se sthe
nystatin- en capsulatedlipo s o mes･ Effe ct ofthe chemic alstru cture on the･en c apsulation
cha r acteristics w as in vestigated in Chapter V ･ En c apsulated am ou nts of polyene
m ac r olide a ntibiotic s
,
A 皿B
,
nystatin and nata mycin (p血 adcin)in lipo som es w ere
co mpar ed a nd the differ e nc e w ere dis cus sed･ Espe cially, pl maricin sho wed enhanced
encapsnlatio nin C H- c o ntaininglipos o mes･ Fin ally, prepar ation of AmB - en c apsulated
PE G lipo s o mes byhigh-pres sure ho m oge nizer without orga nic s olvent w aspe rfo r med
in C hapter VI, aim ingfo rthelarge-s c alepr oductio n a safurtherdirectio n of th is study･
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Chapte rI
Enc aps ulation C hara cteristics of Amphotericin B in PE G
Lipo s o mes
I.1. Intr odtI Ctio n
¶1ePOlyene m acr olide antibiotic amphotericin B(Am丑)hasbe en usedin thetrea出1ent
bfinvasiv efungal infectionsini m un o suppres sedpatiedts･ H ow e v er, the usefu hes s of
par enteraladm 血istr ado n of An Ba s an An B
-deo xycholatefo -ulatio n(Fungiz oneうis
limited bysevere side effects･ h an attempt to ov er c o metheto xicity pr oblem , the use of
lipo s o mes enc apsulated An Bor other lipidcariers hav erecently be en tried
46)
co Ⅱ 皿erCialpr epar ado n s s ofar intr oduc ed hclude A mBis o me
⑧
, A B L C(AmB-upid
c o mplex), and AⅢpho cil
@
,
w hich ha v e differe nt stru ctur al and phanna cokh etic
char acteristics
47)
. Am Bis o me⑳
,
which co n sists ofs man u nilamellarlipos om es c o ntainhg
distearoylpho sphatidylglycer ol(DSP G), shows a relatively pr olo nged cir culatio ntim eh
blo od, c o ntri butingtothehigherther ape utic efac a cythan thatof FunglZ On e
⑳ 41)
How e v er, s o me pr oblem s rem ain暮 For e x ample, lipo s o mal Am B is taken up by the
re也culoendothelial system (R ES)in viv o and it is difficult to inco rpo r ate A mB in
lipo s o mes with large am ounts us ing C O n Ventio n alm ethods･ To ov erco metho se proble ms,
lo ng- cir cula血glipos o mes c o mpo s ed of hydr ogen ateds oybe a npho sphatidylcholhe and
chole ste r ol(C H) with an amphipathic polyethyleneglyc ol derivativ e(diste aroylrN -
(m o nbm etho xy poly(ethyle n eglyc oI)s u c cinyl)pho sphtidyletha n ol 血皿e, D SP E-P E G)
･hthe presen ce o r absenc e ofD S P G ha vebee nde veloped･ V an Etten et al･ reportedthat
DSP E-P E G-hco rpora血g AmB lipo s o m es show ed pr olo nged circulatio n and higher
ther ape utic efficien cy, c ompared wi th AmBis om e and An Blipos o mes wi tho ut D S P E
-
p E G51)･ Re c e ntly, w eha vefo undthattheprese n c eof D S P E
-P G〉 which w as addedto
acqulre the prolonged circmitio n char acteristics, als o slgnificantly increased the
encapsulatio n effic en cy of AmB in upo s o mes･
■
T hese upo s o mes show ed a lo ng
circulatio npropedyin blo od a nd a hightherapeutic effic en cy again sthvasive pulmo n ary
a spergillosis in mice
53-5 5)
. Fu rtherm o re, An B-e n c apsulating P E G iⅡ 皿 un Olipos o mes,
which w ere c o n3ugated wi thm on o clo n ala ntibodies at the distalterminus ofthe P E G
chah
,
e3:hibited highta rgeting affinityto thelung and hightherape utic effic en cy against
m urine inv asivepulm o n arya spergillosis
53･5 5)
Molecularinter a cdo nbetw e enA mB a nd c o n ventional1ipo s o mes as a m odel m embr a n e
system ha sbe en studied by many res e ar cher s
97)
･ po re fo -ation ofAmB ina upid
bilayerha sbee nstudied byflu o res c ence
67)
,
electr on spinres on an ce(ES R)
69) and cir cular
dichr ois m(C D)6
7)spectraltechniques, a nd itw aspfopo sed that the苧ss o ciatio n of Am B
wi thste r ols〉 especialy ergoste rol〉 plays a n 皿POrtaJlt r ole 孤 . ge n er ating the
tra n s me br an epo re stru ctur e
45･67)
I N MRa nd C Dshdies als ocastlighto nthe stru cture
of An Baggregates and an Am B
-upidc o mplex
60･65)
I Further m o re, recent theoretical
studies by c o mputer sim ulatio nteclm iques re v e aled an 8
- m ember ed An Bcha 皿el
str uctu re
76)
aJldthe c o mplex atio n of AmB withster ols
78)
In this C hpter, facto rs affe cting the e nhan ced en甲PSulatio n of
､ Am B in
DP P C/C HDS P E-P E G lipo s o mes w ere characterized a ndthe m echanis m of en c apsulatio n
w asals oinvestigated･ T he pres e n c e of D SP E
IP E Gincr e ased tht en c apsulatio n r ate of
AmBinlip･o s o m e s, butthe mechanis m app
earedtobediferer[tfr o mthatofthefo r m atio n
of c o nventio n a川po s o mes･ Ⅵ1e en C aPSulatio n effic acy ofAmB in P E G lipo s o m es w as
innu enced bythe s oludon used fo rhydr ado n aJldbythe am o u ntof D SP E ヰE Gu sed
53･5 5)
,
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s uggestingtheinvolvem entof m ole c ula rinteractio nbetw e enA mB and D S P E-P G. nis
w asc o nfin ed bythe chlo r ofo rm/w ater partition m ethod, a nd by abs oIPtio n a nd
3 1p -
N MRspectr ala nalyses.
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1.2. Re s llts a nd disctLS Sio n
I.2,1 En caps111atio n chara cteristic s of Am B in P E G lipo s o m e s
The biodistributio n and ther apeutic effic ency of Am B-P E G upo s om es hav e be erl
reported, but thisisthefir ststudyofthe efficacy a nd m echa nis m of the e nc apsulation of
血nB inP EG upo s o mes･ P E G deriv ativ es, D S P E-P E G wi tha n av er age P E Gm olecular
w eightof 1 000(1 K), 2000(2K)or 5000(5 K)dalton白, w ere synthesized re巨orted by
Ma ruya m aet al･
9 8)
A n e structures ofs om e ofthese compounds, as w ellas the A mB
deriv ativ esdes cribed belo w ar esho wn in Fig. 11 .
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Fig･ 1-1 C hemic alstructure s of An Band P E G deriv ativ es.
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T he a m o unt of An Be n caps ulated in lipo s o mes (DP P C/ H=2/1, m ol/m ol) is
suⅡ 皿 ariz edin Table1-1. H igheffic en cy of AmB en c apsulado n(111帽 AmB/mglipid;
1:10m ola r ratio)w a s obtainedbythe ad diton.
of D S P E-P EG 2 K(6 m ol% oftotal lip d)
tothelipo s o m esand by us mgis oto nic s ugar s olutio n, s u ch as9% s u cr o se oludo n, for
hydr atio n･ D S P E-P E G- n o n-inc o rpo r athglipos o m eenc apsulated only a s mallam o u nt of
AmB(14LLg An B/mglipid), andh th is c as e, AmB m ay existh theupo s o malm embra n e
in the fo r m ofpo re structure) as r eported by severalresear chers
45.6 0･6 7,6 9J6)
･ h this
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experim ent, the An B:D S P E-P E G m olar r atio w as fixed at 2:1. Sin ce a higher
An1B:D S P E-P E Gr atio als or es ulted in low er rec ov ery, the molarrado used inthis study
w a s c o nsideredtobe ago od co mpr omise･
The effe ct ofthe s olution used forhydr atio n on the encaLPSulation wasals o studied by
us ingSeve ral kind of s olution ･ A relativelyhighen c aps ula土ed an ount of AmB
`
in P E G
lipo s o mes w as obtahed wi th is otonic sugars olutions･ How e v er, hydratio nbyelectr olytic
s olutio n, such as salin e and pho sphate-buffered sal he (P B S), decr e ased the
en caps ulatio n effic a cy･ Hydr atio n with do uble distined w ater(DD W)als o enhanced the
AJnB en c aps ulatio n, suggested that io nic strength of the s olv ents affected the
e ncapsulatio n of Am B･ Sin c e, Am Bis n ot onlys oluble ina n electr olytics olutio nbutals o
a sugar s olutio n, s om eof the interacdon betw e en Am Ba nd DS P E-P E Gw a s specula王ed
and itmightplay a nimporta ntr ole on the en c apsulatio n.
℃1e effects of the m olecular weight andtheincorporateda m o u nt of D S P E-P E Gon the
e ncaps ulatio n ofAm B a r esu m m a rized in Table1-2･ Ⅵ屯en the incorpor ated am ount of
D SP E-P EG w as fix ed at6 m ol%
,
也e enc apsulated am ount of An B in D S P E-P E G I K-
in c o rpo ra血gupo s o mes sho wed a r elativelylow v alu e(69pg An 曲/mgupid), whereas
D SP E-P EG - incoTPOr a血g upo s o m早S wi th 1o nger P E G ch ains show ed higher
en capsulation of Am B(109-122pgAm B/mglipid)･ T he am ountof 6m ol% hc orpo ratio n
of D S P E-P E G in lipo s o mes se e m ed r e as onable fr o mthe vie wpoint of in hibito n of
mic ellefo rm atio n andthe lo ng- circulatio npr opertyin vh,o. h the case of D S P E-P E G
2K- hc o rpoTating lipo som es, the thicknes s of the P E Gm olecular w aterlayer w as
estim ated by S him ada et al･ as2･ O n m
99)
, which is clo se to the molec ular siz eof AmB
repo rtedby P. Ga n主s et al.
79)
. T hus, the m olecular w eightof DS P E-P E G, which w as
c orrespondto the th icknes s ofthe P EG m olec ular w aterlayer, affected the enpapsulation
of the An B, indicating thatAmB m olecule m aybe hteracting with the P E Gm oietyin
P E G upo s o me ･ En capsulated am ou nt of AmB w a s als oh flu e nced bythe am ou ntof P E G
incorporated･ It incre ased asthe am o unt of DS P E-P EG 2K w as incre ased, reaching a
platea u at20 m ol% D S P E-P E G. Micellefor m ation m ay occur atlev els of D S P E-P E G
abo v e15m ol%100)
Onthe basis ofthese r esults, AmB -P E G upo s o mes c o mpo sed of D P P C/C H/D S P E-
P E G 2 K(2/1/0. 19, m ol/m oI)w ere used fo rthe study ofthe stability of AmB-P EG
liposom esin viiro andin vivo.
Table1-1 Enca s ulated am ou nts of An B h liO S O meS.
Lipidc ompo sitio n
a) solvent 血 c apsulatio nefBc a cy(Am BAipid)
LLg/mg
b)
m ol/10
3
m ol
DP P C/C H su cr ose
DP P C/C HのS P E-P E G 2 Ksucro se
DP P C/C H/D S P E-P E G 2 Ks aline
D PP C/C H/D S P E-P E G 2 K P B S
DP P C/C H/D S P E-P E G 2 Kglu c o se
D P PC/C H/D S P E-P E G 2 Kla cto se
D P P C/ H/D S P E-P E G2K trehalose
D P PC/C H/D S P E-P E G 2 K D DW
14(2･3) 17
111(5.7) 101
10(2.3)
9(2.4)
87(13.6) 80
96(7.7) 88
11 3(6･9) 1 04
1 02 5.6 93
a)
b)valu& ar e me an(i s D). n= 3-5
Inco rpor ated am o unt of D SP E
-P E G 2 Kw as6 m ol%･
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Table1-2Effe ct of D S P E-P E Go nthe encapstlation ofAmB in upo s o meshydrated with
9%sucr o se s olution .
Lipidc o mpo sition D S P E-P E G
m ol%
En c apsulation efBcacy
a)
拝g An B/mglipid
D PPC/C H/D S P E-P E G I K
D P C/C H/D S P E-P E G 2 K
D P C/C H/D S P E-P E G 3 K
DPP C/C H/D S P E-P E G 5 K
DPP C/ 王廿 D S PE-P EG2 K
D PPC/C H/D S PE-PE G2 K
D PP C/ fL/D S P E-P E G 2 K
D PPC/C H/D S P E-P E G 2 Ⅹ
D P C/C H/D S P E-P E G 2 K
6
6
6
6
3
6
10
12
15
69(7.5)
111(5･7)
109(9･9)
122(9･2)
7 8(ll.0)
111(5･7)
1 99(5.7)
251(25.3)
250(26.4)
a)value sare m e an(i S D). n = 3-5.
1･2･2 Stability ofAm B - e n c aps ulated P E G lipo s o m e siT ”itT
･
O a nd i7 ”iv o
Figu re1-2 sho w sthe Am Brele ase pr ofile &om An B-P E G lipo s o m es afterin c ubatio n
withm ouse plas m a at37
o
C･ Bu r st rele ase of AmB(7.5 港 ofthe total)w a s obser ved
wi th h5 min afterthe sta rt of in cubatio n
,
a ndthereafte r, An Brelea sebe c a me v ery slow
(addito nalrelease of An Bw a s2･ 5 % wi th h 2 hafter the bu rstrelea s e). n ese res ults
indicated that m o st ofthe An Bw a s stably existed inthelipo s o mes･ Stability of An B h
An BJpE G lipo s o mes w as als o studied in vivo (Fig･ 1-3)I Suitable 3H -cholesteryl
'hexade cylether (
3
王‡- CH E) 1evels and AmB c o n ce ntrations were cho sen to auo w
c onv enient e stim atio n of the blo od clea =aJICe Of AmB-P E G lipos om es a nd Am B
a ss o ciated with the upo s o m es･ AmB -P E G lipo s o m es sho wed apr olo ngedcir culatio ntim e,
c o mparlng with that of bare lipo s o me. n is res ult w asals o sim丑ar to that of P E G
lipo s o mes not co ntainhg AmB (data n ot sho w n). The AmB lev els of AmB -P E G
lipo s o mes a s aper centage ofthe injected do s eh blo od w ere eqtlivalent to thelipid lev el
of Am B- P E G lipos o mes, s uggesting that the A mB w a s stably as s ociated wi th P E G
lipo s o mes in blo od a nd that AmB encapsulated inlipo s o mes didnotinflu ence on the
lo ng- circ ulating prope rty of P E Glipos o mes･
- l l-
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Fig･ 1
-2 AmB releas efro m Am B-P E G lipo s o mes afte r inc ubation wi th ddY m ouse
plas m a･
Diluted An B- P E G lipo s om e(0･ 2 mg AmB/ml)sa mple(0.1 血) w as addedto l mi of
ddY m o u seplas ma a nd the mixture w asin cubatedat37
o
C.
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①
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Fig･ 1-3 Blo od cle ar ance ofupos o m e and lipo s om e
-as s o ciated AmB afteri･ v ･ injectio n of
AmB-P E Glipo s o mesinto ddYmic e･
(令)1ipo so m e s(3H - C H E), (○)1ipo s o me - as s o ciatedAmB, (A)bare lipols o m es(
3H -
C H E).
In3
'
ecteddo s e of Am丑 -P E Glipos o m e s w as
'
2 mg AmB 佃g･
■Data a re expres s ed as
per cent ofinjected do s e of3H - C H E, m e an± S D(n= 3)or asper ceⅡt ofh3ected do se of
AmB
, m e 皿± S D(n = 3).
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1.2.3 Mole cula rinter actio nbetw e e nA m B and D S P E_ P E G
Tbe encapsulation effica cy of AmB in PE G lipo s om es was hflu enc ed bythe s olution
used fo rhydration, thein c orpo rated am o unt of P E Gand the m olecular w eight of P E G
54,67)
,
suggestingthat s om e of the m ole c ularinter a cdo n s o c c u rbetw e e nA mB a nd DS P E-
PE G･ To c o nfim this, a s olution of An Ba ndD S P E-P E Gw asprepared a sdes cribed h
Me血ods(2･ 1･ 5), and the hteractio nbetw e en the c o mpo n e nts w a sinvestigated. T he
sa mplefo m ed ayello w solutio n, which w as stable at4
o
C for atleast a m on也 . ･Ne幻,
chlor oform w a s addedto the mixed s ample a nd A m B-P E G lipo s o mes･ A 皿 the Am B
separ ated as aprecipitate at the hterfa ce betw e e n the chlor ofo - aJld w ater phases,
indic athg that Am Bw ashter a cting with D S P E-P E G inthe w aterphase ･
Molar r atio of AmB intera cted wi th D SP E-P E G in 9 %suc ro s e s oluti n o rD D W is
sho w nin Fig1 1-4･ Am B is n otht血sicallysolublein w ater, how ev er, 血e s olubnity of
血nB in both s oludo nlinearly m cr e a sed with incre as mg hidal m olar r atio of An B
(AmB/D S P E-P E G= 0･8 - 1, m ol/m ol).
Participatio n of thepho sphategr o up ofD SP EIP E G in theinter action was c onfir med by
the 31p- N M Rspe ctru m, a s sho w nin Fig･ 1-5･ h the spectru m of D S P E-P E G, the
pbo spbate s lgn al w as obsen′ed at2･05ppm ･ 也 the c a se of AmB- D S P モーP E G, ho we v er,
the signals appea red at - 1 2･ 6 a nd -13･6 ppm ･ T his is c onsiste nt wi than amho
gr oup/pho sphate gr oup hteracdo n a ndthe separ ation ofthe N M Rsignals s uggests that
there aretw ok in ds of inter a ctio n m odebetw e en An Band D SP E_PE G.
As the inter a ctio n m ode
,
tw o po s sibilides w ere pr opo sed･ On e is the c o mplex
for m atio nbetw een A m B and D S P E-P E G byinter a ctio nbetw e e n s o me fun ctio nalgroupsI
An otheris a s olubiliz atio n of An B by D S P E-P E G. In th is inter a ction mode, A mB
m olecules are hc orpo rated in the a cyl chahs a nd m ay fo r mpo re stru ctu rd as an
aggregatedstate.
Mole c ula rinter a cdo nbetw e e nAm Ba nd D S P E-P E Gw asals o studied by absorptio n
spe ctr a of AmB inthe pr esen ce of D S P E
-P E G in s u cr o se olutio n system , us mg a
m odific atio n ofthe method employed fo rinv estigatingthe c o mplex fo r mation betw een
AmB a nd ste rols 10 1)･ A mB abs o rptio n spectr a werederived fr o mthe polyene stru cture･
AmB sho w sthre eabs o rptio npeaks(365, 386and 409n m)as sign edto m ono mericfo rm
a nd br o adpeak,(3 30
-350n m)as signedtopolym eric aggregatefo min suc ro se s ohldon.
A皿丑 co n centr ation wa s ad]
'
tlStedto 2 Ⅹ10J Mto redu c ethe effectof the aggregate･ T he
abs orpdo npeakat409n m de c re ased when the am ount of D S P E-P E G increased a ndthe
peakpositio n ultim atelyshiftedto414n m as show nin Fig･ 1-6･ n es e r esultsindicated
thatths polye n e m oiety of An Bc o ntributes to theinteractio nlead ingto the c omplex
fo m atio n.
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Fig. 1-4 Effe ctof hit alm ola r ratio onthe am o untof AmB hter acted with D S P E-P E G.
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Fig･ 1-5
3 1p- N M Rspe ctr a of AmBinthepresenc eof D S P E
-P E G･
a)D SP E-P E G, b) Am B in the presen ce of D S P B-P E G･
Lipo s om es w erepreparedbyhydratio n with D20 and filteredthr ougha O･45けm fnter･
3 1p- NM Rspe ctra w ere recordedat162MHz at300 K･
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Fig･ 1-6 A bs o rptio n spectra of Am B in thepresen ce of D SP E-P E G･
A m odific ation ofthe m ethodrepo rted by Mazerskietal. (seeref. 101)w as used. AmB
c o n centratio ninsu cr o se s olutio n w asfixed at2トM ･ D S PE-P E Gconcentr ation w as0, 1,
2o r4トLM .
1･2･4 Me chanis m of Am B e n c aps ulatio nin P E Glipo s o m e s
Nextthe m e cha nis m of encapsulation of Am B in PE G lipo s o mes w as examined by
usingP E Ga nd AmB derivatives(Fig. 1-1). T he results are su m m arized in Table 1-3.
When cL - m OnO meth0 Ⅹy- ” -(1,2-di亡etra -de ca n oylo xyglyceryl) polyo xyethylene (D T-
P E GI K)orD S P Awhich has only aP E Gm oiety orpho sphate gr oup, r espectiv ely, w as
used
, AmB w as n ot e n c apsulated･ W ithct-(dipa 血toylphosphatidyI)- ” -hydr o xy poly-
o xyethylene(D P P-P E G I K)and DS P EIP E G I Kwhich hav eboth apho sphategr oup and
a P EG m oiety, the en c apsulated a m o unts of AmB w ere 35 and 69LLg/mg lipid,
respectiv ely. n us boththe pho sphate gr oup andthe PE G m oietyin DS P E-P E G is
requhed fo rthe high en c apsulatio n of AmB, andthe P E Gm oiety m ayinter a ct withthe
polyene m oietyof An B(se eFig. 1-4). Enc apsulatedam o u nts of AmB derivatives, which
w ere prepa r ed a sdes cri bed by Mechlin skiand Schafher
102)
, in P E G lipo s o mes were
also investigated･ t he en c apsulated am o u nt of amphotericin Bm ethylester(A M軌 an
amin ogr o up- m odifed deriv ativ eof An B, w as almostthe s a me a sthat of AmB, while
thatof N-a cetyトamphotericin B(Ac- Am B)w as only about theh alfas mu chゝ suggesting
that the 狐 ユino gr o up m ay play allimpo rtant r ole in the en cqps ulatio n of Am 乱
Pres um ablyitinter a cts with血ephosphategr oupin D SP E-P E G･
Pa rticipatio n ofthe pho sphate gr oupin the co mplex fo r m ado n w as c o nfirm ed by the
3 1p- NM Rspectra(Fig･ 1-7)I In the spectru m of D S P E-P E G, thepho sphate signal w as
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observ ed at2･ 05ppm . T he s lgnalw as bro aden in the c ase of P E G lipo s om es, andtw o
peaks, w hich w ere as signedto D S P E-P E G(1･ 73ppm)and D P P C(1.22ppm), w ere
obse rved･ h the G まSe Of AmB-P E G-1ipos o mes, ho wever) the signalappeared at -13･ 8
ppm ･ T his s co n siste ntwith an amin ogr oup/pho sphate gr oupinte ra ction ･
Thus, m ole c ular inter a ctio n, m ainly c o mplexform ation betw e enA mB aJld DSp E-P E G
w as c o n sidered to o cur in the pro ces s of An B-P E G Hpo so me prepar adonタ W hich
involv ed intera ctions betw e enthe amin ogr oup aJldpho sphate gr o tlP a nd betw e en the
polyene a nd P E Gm oieties of AmB a nd D SP E-P E G, respediv ely･ It rem 血 s to be
established whetherA mBpo reform ation o cc urshthelipidm embrane of P E G lipos om es,
which is c o rrespo ndtothe s olubilz ation of An B by D S P E-P E G. Since D PPC a nd C H
ha v ebe en u s ed a s aba sic 臼pidc omposition in th is experim ent, the effect of C Hon the
e n c apsulatio n of AmB sho uld be taken into con sideratio n･ h co=po r atio n of CH
appa rentlyreducedthe en c apsuhtio n of An iB;for ex a mple, a nin cre ase of CH content
(D PP C/ Hm olar r a.tio cha nged from 2/1 to 1/1)reducedthe am o unt of e ncapsulated
AmB fro m 11 1to 60pg An B/mglipid･ T he c onstancy of 也e D P P C/ Hm olar ratio
before and afterthelipo s o me prepar ation w as co n血 m ed bylipidand CH conce=ltratio n
m eas urem ents･ No An B- C H co mple xfo rmation h these experim ents has als obe en
c o nf]
l
r med･ Tak ingtheseres ults into c onsider atio n, further studyby usmglipos om es wi也
otherlipid c o mpo sitio n, is requiredto c onfi- the lo c atio n of AmB in the lipo s om al
membrane .
Table1-3 Effe ct of Am Band D S P E-P E G derivatives o nthe en c a s ulatio na) .
An B deriv ativ e P E G derivativ e En c aps ulatio nefBcacy
b)
LLgAmB/mglipid
AmB D T-P E G I K
AmB D SⅠ)A
An B D P P-P E G I K
An B
AmB
A M E
Ac-A皿 B
D SP E-P E G I K
D SP E-P E G 2 K
D SP E-P E G 2 K
D SP E-P E G 2 K
9(4･5)
2 0(3･6)
35(4.0)
69(7.5)
1 11(5
1 13(1
5 0
.7)
1.9)
1 0.0)
?). Lipid
b)values are
^
m ea n(± S D). n = 3- 5
c o mpo sitio n: D P P C/ fyP E G-derivativ e(2/1/0･19, m ol/m ol).
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Fig･ 1-7
31p- N M Rspectr a of Am B-P E G lipo s o mes･
a)D S P E-P E G, b)P E Glipos om es, c) Am B-P E G lipo s o mes.
Lipo s o mes w ere pr epar ed byhydratio n with D20 a ndfilteredthr o ugha O･ 45岬1fnte r･
3Ip- N M Rspe ctra w ere rec o rded at162 M ‡玩at3 00 K･
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C hapter II
Me cha nis m of the Encapsulatio n of Amphotericin B in
Lipos o m e s
2.1. Intr odu ctio n
A mB hasbe en us edpotentlyfo rthe treatm ent ofsystemic fuⅠ唱al h fe cdo n si血 splte Of
itsto xicity･ Recently, caJ Tier system s, such a sA mB
-upid c o mplex and a 正po s om al
fo r mlatio n of An B, ha ve be en dev elopedtoimpr o ve the therapeudc h de x
394 1･4 931)
P EG -c o ated upo s o m al An B fo mulatio n with a highen capsulado n r ate of AmB and a
long- dr culating a ctivityhasbe en de v elopeda nd intr oduced h ChapterI･ n e 血pr ov ed
en c apsulatio n effic a cy a nd lo ng
- cir c ulatio npr ope吋 w ere achieved by both hydr atio n
with 9% su cr o s e s oluti n and the m ole c ularinter actio n of An Bwith P E G-Hpid
deriv ative, DS P E-P E G･ T his pr epar atio n method is very simple a nd e asy, and w as
extended to the prepar a土io n of P E Girr m un olipos o mes c o n]ugated with m o n o clo nal
amibodies atthe distalte m hus oftheP E Gchain, which e7(hibited hightargetingaffhity
tothelung andhighther apeutic effic en cyagain stinvasiv epu h o n a ry aspergillo sis
55)
Ⅵ1em ole cular hteractio nbetw e en A mB anduposom es whichhav ebe en u sed as a
m odel m embran esystem , ha sbeen studied by m any resear chers･ Porefo r mation by
ass e mbled AmB m olecules h alipidbilayerhasbe eninvestigated by fluores cen ce
67･6 8)
,
E S R
69) a nd C D67･6 9) spectraltechniques, a nd it w aspr oposedthatthe as s o ciatio n of
AmB with ster ols, especially ergo ster ol, plays a n血po rtant role o n gener a血g the
tr an s me br an epo re stru cture
45･67) N M Ra nd C Dstudies hav eals o c astlighto nthe
structur e of AmB ag gregates and an An B-lipid co mplex
60･65) Ho wev ef
,
these
hvestigatio n s o nly pr ovide in fo - atio n abo ut the inter action of AmB wi thpr efor m ed
lipo s o mes and do n ot explain the enc apsulatio n m e cha nis m of AmB h lipo s om es･
In the c a se of Am B- en capsulatingP E G upo s o mes, the e ncapsulated am ount of Am B
depe nds o ntheupidc o mpo sitio n･ n o ughtheincorpor ation of C H h Am B
- en c apsula血g
lipo s om es c o ntributes to the m embra ne stabiutyand thelong
- cir culation behavior, that
als o c o ntributes to de cr e ase the en c aps uladon･ 皿 e m echanis m ofe n c apsulation of AmB
inP E G upo s o mes hasbe en suggestedtoinvolv em ole mlarhtera ctio nbs
tw e en A mB and
DS P E-P E Ga sdis c u s s ed in ChapterI･ But, the lo c atio n of AmB inthe lipo s o m al
membr ane inthepresen c e o rabsen ce of C Hand DSPE
-P E Gremain s u nclea r･
h this C hapter, the m olecularlo c alizadon and state of Am B in
therlipo s o m al
m embr anes w ere e x amin ed. AnB-e n capsulating lipos o mes c o mpo sed of D P P C,
D P C/CH, DP P CのS P E-P E Gand D P P C/C HのS P E
-P E Gw ere prepa redto hv estigate
the e n c aps ulatio n effic en cy a ndthe mechanis m of en c aps
ulado n of AmB in upo s o mal
m embranes. Efects of C H, k in dof upid and initial added a m o unt of An Bon the
en c apsulatio n of AmB w ere als oin ves也gated, and
the m embrane s u rfa ce state of the
lipo s o mes w asex amined by P E G
-dextr antw o-phase pardtio n m e as u rem ents･ T he
lo c atio耳 Of AmB in thelipo somalm embr ane w as c o nfir m
ed bynu ores cence quenching
a nd potasiu m pe - eabilty m eas u rem ents･ Cir c ula r
dichrois m m e a surem e nts w ere
perfor medto evaluatethe m ole c ular states of AmB hter a
cted with D S P E- GaJldthath
liposo mes･ h ter ms of the m olecular states ofAmB, the r
esults a re in go od agre em ent
wi tho se of AnB inc orpo r atedinblo ck copoly甲er Sys
tems
103)
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2.2. Re s tllts a nd disc u s sio n
2.2.1. En c aps ulation ch ara cteristic sofAm B in liposo m e s
As repo rted in C hapterI, the c o
- inc orporatio n of D S P E-P E G in lipo s o mes r es ulted in
D
q e atly enh 皿 Ced e nc apsulation of An B, suggesting the m olecular inter a ction betw e en
AJnB and D S P E-P E G. In addito n, the a mount of AmB e nc aps ulated w as als o affe cted
by thelipid c ompo sitio n･ T herefo re, the effect of C Has alipidc o mpon ent oh the
encapstlatio n of An Bw as e xam ined atfirst(Table 2-1)･ In D P P C lipo s o mes witho ut
c Hand D S P E-P E G, the en c apsulated a m o u nt of AmB w as62LLg Per mglipid･ S ince
AmB itself is n ot s oluble in w ater, po r e stru ctu res as s e mbled fr o mAmB m olecules, as
akeadyrepo rted bym a nyres e a r chers
67 J 9)
,
m aybefo r m ed in thelipid bilayer･ Ho we v er,
thepresence of C Hm ole c ules in D P P C lipo s o m al m e mbr a nes drastic ally decre ased the
血nB e n c aps ulatio n･ A
I
similar effect of C Hw asals o observed in D P P CnjS P E-P E G
lipos o mes, though, 61 ト鳩 Of AmB per mg lipid w as stille n c apsulated h
DP P C/C Hn)S P E-P E G lipo s o mes at1:1 m olar r atio of D P P Cto C H･ T he D P P C/ H
m olar r atio didn ot change during o r after upo s o mepreparation, as fotlndprevio u slyby
lipida nd C Hqua ntitadve an alysis(data n otsho wn)･ T he absen ce ofc o mplex fo rm ation
betwe enAmB and C Hm olecules in lipo s o mal m embr ane has alre adybe en c o nfir med
67)
These results h dic ate that the presence of C H in hibited Am B e nc aps ulatio n, whereas
D SPE-PE Ge nha n c ed it, even in theprese nce ofa substantiala m ount of C H･
Table2-1 Effectof cholester olo nthe e n c aps ulatio n of Am B in lipo s o meshydrated with
9%su α ose s olutio n.
Lipidc omp(芯ition Molar ratio A m B e n c甲Sulation SD
(m ol/m ol) LLgA m B/mglipid ±
D PP C 2
D PPqD S P E-P E G 2K 2:0,12
D PP Cy H 2:1
D PPUC H/D S P E-fE G 2 K 2:1:0,19
D PPC/ H 1:1
D PP Cy H/D S PE-PE G 2 K 1:1:0.12
62 14.0
149 12.7
14 2
,
3
111 5,7
9 3
.
0
61 15.0
Initialw eight ratio of AmBtototallip d is0.15 w/w ･
Bec aus ethe initi alratio of Am Bto lipid w asfixed atO･ 15 w/w , the encapsulated
a mo u nt of 149トtg Per mglipidinD P P CのS P E
-P EGlipo s o meis m a xim u m･ So the
effectofinitalw eightr atio of A 血Btoupido nthe enc aps ulatio n was studied(Fig･ 2-1)･
In DP P C lipo s o m es, An Ben c apsulatio n w as m a xim ally 62 pg per mglipid･ T he
presen ce ofD S P E-P E G h D P P C/C H lipos o mes hcreased the enc aps ulated am oupt of
血 B with incr e asinginitialw eightr atio, r e a ch hgaplate au ･ a the c as e of D P P C/D SP E-
P E Glipo s o mes, the e n capsulated am o u nt of 血Ⅰ申 w a spr opo rtion alto the in itialratio
wi thhthe hitialw eightr atio of O･45. Ⅵ1ehighest encapsulatio neffic a cy w as obs e rved
in DP P CDS P E-P E G lipo s o m es. BI C aPS ulatio n effic a cy in D P P C/ Hn)S P E
-P E G
lipo so m es w ashigh belo w anhid alw eightr atio of O･1, butitdecreased athigher r atio s,
S uggestinghhibito n of the en c aps ulatio nbyC H･
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Fig･ 2
-1 Effectof in itial am o unt of An Bo nthe enc apsulation in lipo s o mes･
(圃)DP P C lipo s o mes,(A)D P PC/D S P E-P E G lipo s om es, (㊨)D P P C/ HのS P E-P EG
lipos om es･
Ne xt
,
the effect of C Hand D S P E-P E Go nthe en c aps ulatio n w asex amined･ Figu re 2-
2 sho w s the enc aps ulatio n am ount of AniB in D P PC/CH lipo s o mes a nd
D PP C/ Hn)S P E-P E G lipo s o mes. T he e n c aps ulated am ou ntin D P P C/ H/D S P E
-P E G
lipo s om es w a shigher thaJl that in D P P C/C H lipo s o mes at ev ery C H c o ntent･ h
D PP C/ fl lipos om es, the e n c apsulated aJ n OuntOf AmB w as dr astic auyde creased ev en at
lo wlevels of C H in c o rpo ratio n, w hereasit w as almo st un affected in D PP C/ flnjSP E
-
p E G lipo s o mes untilthe C H inc o rpo r atio n re ached 30m ol%, then it
tdec rea sed with
further inc o rpo ratio n of C H･ T hese results in dic atedthatinc o rporatio n of D S P E
IP G
c o ntributes to highe n c apsulatio n of Am B ev en inthe pre sen ce of C H･ In the case of
DP
r
P C/C H lipo som es, sin ce m o stoftheA mBdidnotinter a ct with lip dsdu ringlipos o me
prepar atio n, the n o n- en c aps ulated An Bw as rem o ved byfntr ation witha polycarbo n ate
filter on extrusio n. In the case of D P P C/C HDS P E-P E G upo s o mes, ho wever, thereis a
po ssibnity that micelle o r aggregate fo - atio n m ay a c c o unt fo r the decreased
en c apsulatio nof An Bathighlevels of CH in c o rpor ation ･ In any case, mc orporation of
c Hte nds to blo ck the e n c apsulatio n of An B in 1ipo s o mes, and n on
- en c apsulated An B
re mains as aggregates o rmicenar s olutio n･
Bec ause AmB w a snote ncaps ulated in D P P C/ H lipo s o mes as show n abo ve, attentio n
w a sfo cus ed o n thre elipo s o m al form ulatio n s, D P P C, D PP C/D S P E
-P E G 2 K(2/0･1 3,
m ol/m ol), and D P P C/C Hn)S P E-PE G 2 K(2/1/0･1 9, m ol/m ol) in the follo wing
experim ents.
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Fig. 2-2 Effect of cholesterol o n the An Be n c aps ulatio nin(ロ)D P P C/ H and (凝)
D PPC/C町D S P E-PE G lipo s o m esI
2.2,2. Stlrfa c e state ofAm B ･ e n c aps tllatinglipo s o mes
To hvestigate whether Am B is lo cated on the o uter surfa ce of the lipo s o mal
membran es
,
P E G/dextra ntw o-phase partitio n w asemployed･ Aqu eo u stw o-phase
pardtio nhg h P E G-dextr a n o rFic ol
-dextr anis a simple, r e adily a c ces sible m ethod to
in ve stigatethe surface pr operdes of lipos o mes
l 帖 108)
･ T hek inetics of thepartition mg of
lipo s o m e sin aqu e o u stw o
-phasepartitio n system sis depe nde nt upo nthe vesiclesize, net
charge and hydr ophilicity o rlipophilicity of the m embr ane s u rfa ce. Senior et al･
dem onstr ated thatthe retentio n of P E Gon the s u rfa ce of lipo s o mes andthe as s ociatio n
betw eenplas m apr oteins aJld thelipos o mals u rfa c e were readilydete cted bypartitio nin a
tw o-phase system of P E G 80 00and dextra nT
-500, w hen P E G lipo s om es(tre占ylated
P E G derivativ e witha n a ver age m olec ular w eightof 5000hc o rpo r ated at10m ol% of
total upids, siz edto 144± 28n m) w ere inc ubated withplas m a
109)
･ T hus
,
if Am B-
encaps ula血g and n o n
- e n c apsulatinglipo s o mes, prepared by the sam e pr o cedu re, show
differentpartitio n 皿g behaviorin the s a me phase system 〉 their surfa ce pr operdes must
differ･ S incepa rtido ningbehavio rprovides anin dex ofsu rfacepr operties as mentio ned
abo ve
,
this methodcanbe used an alytically･ Be c ause oftheintrinsic negative charge of
D SP E-P E G, the s u rface a nd zetapotentials of P E G lipos o mes a re negativein 9% su cr o se
s olutio n･ But the n egativ e charge of P EG lipo s o m e swith 6m ol% of D S P E
-P E Gdidnot
inh enced o nthe partitio nhg behavior ine v e ry phas e sytem s asshow nin Fig･ 2
-3･
Takingthese electricalsurfa cepr operdesinto c o n sider atio n, a D on
- charg.
e-sen sitive phase
system c on sisting of5 %(w/w)P EG 8000and 5%(w 仲)dextr a nT-500, 0･01 Ms odiu m
pho sphate, 0.15 1Ms odium chloride(pH 7. 0)w a s u s edto esthate the alter atio n ofthe
su血 ce state of P E G lipo s o mes c a u sed by en c aps ulatio n of AmB･
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Fig･ 2-3 Effect ofs odiu m phosphate c o n ce ntr atio n o nthe pa rtitio n mgbehavio r of P E G
lipo s om es(1abeled with 3fI- C H)co ntain ing vario u s am o unts of D S P E-P E G I K hatw o_
phasepartitio n system of P E G 8000and dextr anT-500.
Sodiu mphosphate conce ntr ation w as(△)o･ol M,(◇)0･06 8M,(因)0.llM.
T heeupo s omal fo - ulation s, D P P C, DP P Cn]S P E-PE G 2 K
,
and D P P C/CH/D S P E-
pE G2 E labeled wi th3H - CfI, withor witho ut A mB
,
w ere prepared with a ver agediameters h the ra nge of 100to 130nm ･ Labeling wi th
3H - C H in DP P Ca nd
DP CのS P EIP E G 2 Klipo s om es didn ot affe ct the partitio n mg behavio r of these
lipo so m e s, c ompared with D P P C/ H and D P P C/ t=DS P E-P E G2 E upo s om es,
re?pedively(data n otsho wn)･ Pahitioningbehavio r ofthes elipo s o mes meas?red at30m mafterm Ⅸ1 ng W aseXPre S S ed inte rm s of the per centages oftotal upo s om es mthe tw o
● ■
phases and at theinterfa ce
,
a s sho w nin Table2-2･ D P P C upo s o m es w erefound m o stly
at the hte rfacB(87･ 5%)and enc
.
apsulado n of AuiB had 比Ie effect o nthe pardtioningbehavio r･ Enh anced partido nlng Of D P P CmS P E- P E Gand D P P C/ H/DS P E-P E G
lipo s om es htothe up perphase w as obs e rved, andthispardtionl ng W as almo st un affected
by en c aps ulado n of Am B･ As sho w nin ChapterI, A mB rele ase c a u sed by incubation
withm ou s eplasm a w as abo ut10% at2 ha ndthat An Ben c apsulatio ndidn otinflu e n ∝
thehighlevelofblo od r占side n ce, co mpared with that of P E G臼pos o m e s. These results
indic ated that encaps ulatio n of An B in upo s om es didn ot m arkedlyinflu e n c ethe outer
s urfac epr operties ofthe upo s om al m embra n e andthat m o stofthe An Bm olec ules w ere
lo catedinthe c o re or o nthe 血 er side of thelipo s om alm embrane.
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Table 2-2 Pa rddo nhg of An B- en c apsulatinglipos o mesinthe P EG/dextr a ntw o-pha se
system
a)
･
% 臼po s o mes addedb)
Liidc o m o sitio n U er hase hterface Low er base
D PP C
D PPC/A mB
D PP CDSP E-P E G
D PPCn) SP E- PE G/An B
D PPC/C H/D SP E-PB G
D PPC/CfIのSP E-P E G/ AnB
7･7( 0)
15･1(0･5)
97･3(2･3)
90･3(2.9)
94･4(1.6)
88･3(2.5)
87.5
7 7.5
1.5
7.6
3.7
9.8
(0･5)
(1.3)
(2･5)
(2･1)
(1･5)
(2･2)
4･9(0.5)
7･4(1･8)
1･2(2･2)
2･1(0.8)
2･0(0.1)
1･9(0.2)
a)Pha se
血0･01 Ms odiu mp?osphate(pH 7･0)ふntaining0.15M s o占it;m
'
chlo占
I
d
-
i
syste皿 C O甲PO Sed of 5%(w/w)p E G 8000and5 %(w 佃)r 1 V
b)Valu es a re m e an(± s D). n =3.
dextr an T -500
2･2･3 Mole cula rlo c alizatio n a nd state ofAm B in P E G liposo m e s
The mechanis m of An Ben c apsulado n appe ars to be differe ntin the presen ce o r
absen ce of D SP E-P E G in 1ipo s o mes･ To co nfh the m ole c ula rlo cation a nd state of Am B
in An B- en c aps ulatinglipo s om e s, potas siu m pe rm e abiuty, nu ores cen c equ ench ing a nd
C Dspectr al m e as u r e m e nts wer e c amied o ut.
Por efo rm ation by An Bm olecules in the c o re ofthe upo s o m al m embr ane w as
co nfir m ed by potas siu m perm eabiuty m e as ur e m ent asdes c ribed by Bolard et al.
6 7)
Figure2-4 sho ws the change of fluo res cen ce of pyr a nine en c aps ulated inAmB -
c ontahhglipo s om es upon additio n of H2S O4･ Bec ause ofthelo w enc apsulation effic a cy
of An Bin D P P C lipo s o mes, the change ofthe且u ores cenc einten sityis relativelysm an.戯 er addito n of H2S O., slightdecreases of the fluor esc ence w e reobserved in An B_
DPP Cand An B- D P P C/ HDS PE-P E G lipo s om es･ The chaJlgeS Of flu ores ce n c ew ere
ahn ost the s a m e
, and w ere decr e ased by additio n of ca rbo nyl cyanide p-(triflu or om etho xy) phenyhydr a z one (F C C P) and v ah o mycin, in dicating that pore
stru ctur e w as fo rmed by An Bm olec ules h bothupos o malm embr anes, allo wmgfr促
十
ex cha nge･ But in An B- DP P C/D S PE-P E G申pos om es, addidon of H2S O4 Ca used a
Pr ogr es siv edecre ase of the fluores cen ce
,
which w as n ot affected by the addido n of
F C CP･ h this c ase
,
the m embr 皿ePr operties of Am B- DP P CDS P E-P E G upo s om es were
m 血tained
,
bec ause the flu ores ce nce inten sity w asdrasdcal1yde crea sedby addidon of
valin o myc m･ Gen erally, la ck of C H in the upo s o mal m e mbr an eredu ces the m embr a ne
stabnity･ T ho ughthe m echanis m ofthese phen o men ais n otcle ar, in corpo r atio nof An Binthe ster ol-fle eP E G lipo so malm embr ane m ayallo w H＋per me ado nsimplyinrespo n seto apHgradient.
The m olecularlo c atio n of AnB hlipo s o m al m e mbr ane w as als oinvesdgated inter m s
of the 且u or es c e n c equ e n chhg of DPH andbn aD P H･▲ DPfla ndhn aDP H ha vebeen u sed
to esthate the me mbr ane pr operty h the c o re
110)a nd the m e mbrane/w ater hterface 111)
,
respectively･ Flu o res ce n ce quenching of D P Ho r bn aD P Hh An B-D P P C
, An B-
DPP CmS P E-PEG a nd An B- D P P CDS P E-P E G upo s om es sho w sSter n- Volmer ty pe
qu e n chingbehavio r･ An Bc oncentratio n w ascalc ulated fr om the en c apsulated am o unt of
AnB atc on sta nthpidc o n centration･ Ster n-Volmer c o n stants of thes elipos o m e s a re giv enh Table 2-3･ Flu o r es cen cequen ching ofDP= by AnB w asin the order of D P P C>
DPP CのS P E-P E G> D P P C/ En)S P E-P E Glipo s o m es･ Sin c eD P Hw aslo cated at the
centerof the m embr a nebilayer, the qu en chingbeha vio rrenectsthe AnB e n c aps ulatio nh
- 23-
thecore ofthe m embr an e･ Fluores cen c equ enchingofbnd P H by A皿丑 w asinthe o rder
of DP P C>D P P CのS P E-P E G= DP P C/C町DS P E-P E Glipo s om es, and Stern - Vo血 er
c o nst皿tS Oftm aD PH -c o ntainhglipo s o mes wererelativ elylo w c o mpared withtho se of
DP H- c ontahingupo s o mes･ These resultsindicatedthat An Bislo c ated furtherfr o mthe
bydr opbilicgr oups･
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Fig･ 2-4 Fluo r es cen ce change ofpyranine encapsulatedin Am B- co ntainhglipos o Ⅱ1eS in
thepres e n ce ofa pflgr adient a nd ofapr oto n opho r eF CCP, as afun ctio n oftim e･ A)DPP Clipo s o mes, B) D P P C/D SPE-P E G upos o mes, C) DP P C/ 町DS P E_P E G
lipos o m?s･ a)change ofpyra nineflu or e s c e n c e after addito n offI2SO4 alo n e,b)Change
ofpyr a n lne fluo res cenc eon additio n of F C CPatl min(firsta rr ow) andvalin omycinat
10min(se co nd arr ow)after a pH gradient w as for med･ Other experim entalpr oc edures
Weredescribed h Materials aJld m ethods.
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Table2-3 Stem -Volme rc o n sta nts of Am B-e ncapsula血glipo s o mes.
Stern- Volmer c onsta nt c orrelation fa ctor
upidco mpo sitio n (LLM
‾1) r
D PH
(in methan ol)
D PPC
DPP CノD S PEIP E G 2K
D PP C/ H/D S P E-P E G 2 E
t皿 aD PH
(血 皿 e也a n oり
D PP C
D PP Cn)S P E-P E G 2 K
0.028 0.991
4.223 0.963
2.668 0.991
0.771 0.993
0.001 0.961
0.965 0.979
0.45 2 0.991
D PPC/C H/D S PE-P E G 2 K 0.43 0 0.976
Lipo so me sample w a sprepa red byu singSucro se S Olution with O･1 m M lip d
00ncentratio n.
Assho wn in C hapter I, e nhan ced e n c apsulatio n of An Bw a sh duced by m olecular
htera ctio nbetw ee n A mB a nd D S P E-P E G
,
w hichinvolv esinteradio n sbetw e en a mino
andpho sphate gr oups aJld betw e e npolyene and P E Gm oieties, respectively･ As the
mode ofintera ction
,
1o caliz ado n of AmB 皿 Olecules on the s urfa ce ofthe upo so m al
m embr anebyhter a c血g with D S P E-P E Gw aspr opo sed･ But, 丘o mtherestlts des cribed
here
,
itis cle ar that An Bm olec nles wer eals olocatedin 也e c o r e of the m e mbr血 e, in
addi血n to o n the s u rfa ce of the m embr an e･ Considering the differ e nce of the
encapstlation efficacy betw e en D P P C/ H and D P P C/CHのSP E-P E G lipo s o mes,
encaps ulatio n of AmB in the c o re of the m e mbr ane w as als oindu ced by addito n of
D SP E-P E G.
From the results
,
stru ctures of AmB - en capsulating lipo s o mes speculated are as
follo w s･ D P P C hpo s o mes :AmB islo catedin the cor e ofthe m embrane. D P P CのS P E-
PE Gand D P P C/ HDS P E-P E G lipos om es: An Bis lo c a絶d h the core and o n the
snrねce of 也e m embr a ne .
To co nfir m the m olecular state of An1B
,
C Dspe ctralm e a sure m ent w ere perfo rm ed･
Positive and negative pe aks at325-33 0n m and 3 43- 48nm w ere as s ignedto aggregated
states ofAmB 11 2)･ sin ce C Dspe ctr awith thr e epo sitive peaks atrangefr o m3 75to 420
nm wir eobserv ed hthat of An B in w ater atlow c o n centratio n s('5 Ⅹ 10
-8
叫
70) orin
m etha n ol(data notsho w n)o rethan ol5 7), these w ere as signedto the m o n o meric state of
An B･ C Dspe ctr a ofAmB aqu eous s oludo n sho w eda po sitiv epeak at330-340Ⅱ m and
negative peaks at higher w a v ele ngth, being appa rently different fr o mthat of Am B-
encaps ulathgliposom es . C Dspectr a of AmB inter acted with D SP E-P EG w a s sho wn in
Fig･ 215･ When the AmB/DS P E-P E Gm ola r r atio w as5/1, apositiveband at320n m a nd
an egativ eband at348n m w ere observed;these w ere a s signedto the aggregated state of
AmB 112)I n e pe akpo sition of 血epo sitiveband of AmB/D S P E-P E Gw as abo ut9 n m
lo wer thanthat of AmB h aqu eous s olutio n･ n isphen o men o n may c o re spo ndto 也e
he at- hdu ced s tlperaggregation of An Binthe prepar adon , as suggested by Gaboriau et
al･11 2)･ T he po sitive a nd negative pe aks of An Bas slgned to the aggregate state
dis appeared in
Lthe c ase of 1/5 m olar r ado of AmB/D SP E-P E Gandthre epo sitiv ebands at
377
,
394a nd 420-n m, which w ere a ss ignedto the m o n o meric state of An B, aJldtw o
- 25-
negativ ebands at35 0a nd 366n 皿 W ere Obse rv ed･ T hese restlts suggestedthat Am B
m oiecules intera cted with D S PE- P E G in tw o k in ds of m olecnlar states, m o n o meric aJld
aggregatedstates, andthatbothstates existedinthe1/1 m olar ratio s a mple･
Final1y, the m olecular state of An B inlipo s o mes was als o ex a mined by C Dspec&al
皿 eaSurem ent･ As sho w n in Fig･ 2-6, m o n o meric and ag gr egated states of AmB w ere
observ ed in all upo s o mes･ Mole c ular states of An B in these tw okinds ofstates arein
go od agre em ent with tho se of AmB hco rpo ratedinablo ck c opolym er syste ms
103)
･ The
positiv epe ak shiftsfr om 33 0n mto 320n m in theselipo s o mes may r e鮎 ct也efact･that
heatmg dtlring the pr oc es s of lipo s om e preparatio nindu c es a superaggregated state
62･6 3･112)
･ In D P P C/D S P E-P E G lipo s om es, increase of the e n c apsulated am ount of Am B
co ntdbutes to thein cr e ase ofthe aggregated state of AmB. 7 bese results h dicatedthat
Am Bm ole cules existed in bothm on om eric aJld aggregated statesinlipo s o mes with eve ry
upidco Ⅱ1POSitio n･
Forfurtherinvestigatio n ofthe m embra n estr uctu res oflipo s o mes co ntain hg An B, Ⅹ -
Taydif&actio n o relectr o n
.
micr o s copyw otl d be useful, but there are difficultiesin the
preparation ofsamples･
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.
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Fig･ 2-6 Circulardichr ois m(CD)spe ctr a of An B- en capsulatinglipo s o mes.
a)DP P Cupo s o mes(60), b) D P P CのS P EIPEG2 K upo s o mes(149), c) D P P CのS P E-
PE G 2 K lipo s om es(29 0),d)DP P C/C町D S P E-P E G 2Klipos om es(ll1).
The encapsulated aJnO untOf An B(tLg/mglipid)in 1ipo s o mesis show n h parenthesis.
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Chapter ⅡI
En c aps ulation C ha racteristics of Nystatinin Lipos o mes
3.1.Intr od甘Ctio n
The polyene m a cr olide a ntibiotic s are used in the tre atm ent of fu ngal hfections,
which have recentlyin cr ea sedin in ciden cedu eto the use ofim m uno suppres siv edrugs
andthein cre as lng freque n cy of Al DS
48･8 8)
･ Am B hasbeen used asthe 缶sトIin ethe rapy
for in v a siv e aspergi11o sis･ Am Bis o me⑧, A B E LECT3 (Am B-lipidc o mplex), and
Ampho cil
T”
(Am Bcolloidal dispe rsio n)arethe newly developed a nd c o Ⅱ 皿er Cial 1y
applicable phar m a ce uticalpr odu cts suitable fo rintr a ven o tlS ther apy
41,4 6-4 8)
･ Nysta 血 ,
which ha sa si mi lar stru cture to An B
,isderived from Strepto myces n ou rsei a ndhasa
broader spectm m ofactiqn than Am B･ Nystatinbas als obe en used fo r也etre atm entof
cutaneo u s
,
v agin al, and o r al ca ndida sesby oral84), ple ural
85)
,
inl1alatio n
86) a ndtopical
administration 8刀･ Ho we v e r
,
to xicity proble ms su ch asthr ombophlebits, fe v e r, chills,
a nd n a u se a
, hav epre v ented parenter al applic ation of nystatin
92) since nystatin has
different biological properties fr o m tho se of An Band s o metim es a cts on Am B-
resista nt fungl, the intr a ven ous administr ation of nystatin w ould be desir able･
Rece ntly, a lipos o mal fo - ulation of nystatin wi thgo od a ctivityin mic e wa s
established 89
-9 1) Dimyristoylpho sphatidylcholine (DM PC)
r
and dimyristoyl-
pbosp血tidylglycerol(D M Pq)in a m ola r r atio ofγ3Ⅵ′ere used 血tbefbⅢn ulation, but
the suitability andthe physic o chemicalproperties of s u ch for mulations are n ot w ell
u ndersto od･ Furthe - o re
,
enha n ced e ncapsulatio n of A 血B in P E Glipo s o meshasbe e n
dem on strated in the previous C hapter, and the en capsulatio n methodsupposedto
.be
applicabletothat ofnystatin･
h th is Chapter, en c apsulation characteristic s ofnystath inlipo s o mes w ere exa min ed
and c o mpar ed withthose of An B･ T he stru ctures of nystatin and nystatin deriv ativ es
usedin this study, ar e sho wn in Fig･ 3-1･ Stru ctu r alLdifferen ce betw een A m B a nd
nystatinisfoundinthepolye ne gr oups andthe c o n点gu r atio n ofthehydr o xylgr o ups･
ⅠⅠ 0
汲lo c
Ⅱ0一
Ⅱ謝
O E
NE R2
■■■ -
ny5tatin
Ⅳ･ ac etylnystatin
nysta一in m e仙ylester
鞄
0
C Ⅱ3
0 ⅠⅠ
3
RI Rユ
ー 0Ⅰ王 - H
1 0 E - C O C E3
- O C Ⅱ3 - Ⅱ
Fig･ 3-1 Chemic alstru ctur e s ofnystatin andnystatinderiv ativ es･
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3.2. Res 敬1ts
3･2･1･ En c aps tllatio nbeha vior ofnystatininlipo s o m es
Tbe am o unt ofnystatin en c apsulated inlipo s o mesis stlm mariz ed in Table 3-1. h
C E-free lipid co mpositions such as D PP Cand D P P CmSP E- P E G
, the highest
enc apsulatio neffic a cy(1 50a nd 151u gnystatin /mglipid, respectively)w as obtain ed
byu slng9% s u cr o se ohltio nforhydr ation ･ The en c aps ulatio n effic acydecrea sed with
inc o rpo ration of C H,but w asimpr ov ed byin c orpo r ation of D SP E-P E G. h D PP C/C H
lipo s o me s of 2/1 m olarratio, higheffic acy ofnystatin encapsd ation(83･9ug/mglipid)
was obtained by ad dito n of 6m ol%of D SPE-P E Gtothelipo s o mes andby uslng9 %
sucro se s olution fo rhydr atio n･ flydr ation wi thelectr olyte s olutio n such as salin ein
DS PE-P E G-fre elipo s om es o rD S PE-P E G-c o ntaining lipo s o mes resulted in a lo w
nysta血 en c apsulatio n(<25･9 ug/mg lipid). Since nystatin is ins oluble in a n
electr olytic s olutio n as w ellas a s ugar s olution, w espec ulatedthat s o me intera ction
betw een nystatin a nd D S P E-P E Gmightplay an importantr olein theimpr ov em ent of
nystatin encapsulation ･ On the other ha nd, no improv em ent of the nystatin
enc apsulation w as obse rved in DP P C/C HのS P E-P E G(1/1/0･12, m ol/m ol), suggesting
that the presenc eof C H disfa v o rsthe nystatin en c apsulatio n andthattheinter a ction
between nystatin a nd D S P E-P E G, w hich m ay c o ntribute to the nystatin e n c apsulation,
isnotstro ng.
m e effects ofthe m ole c ular w eight andthein c orpor ated a m o unt of D SP E-P E Go n
the e nc aps ulatio n ofnystatinin C H- c ontaininglipo s o m e s are su mm arizedin Table3-2.
When thein c orpor ated am o unt of D S P E-P G w asfixed at6 m o19To
,
high en c apsulation
of nystatin was observedin D SP E-P E G I Kand 2 KI CO ntaininglipo s om es(74･1 apd
83･9 鵬 nyStatin/mg lipid, respectiv ely), where as D SP E-P E G-c ontaining lipo s o mes
with lo nge rP E Gch ain s sho wed decreased e ncaps ulatio n. T he am o u nt of 6 m ol%
hcoTPO ratio n of D S P E-P E Gin lipo s o mes se em ed reas o n able fr o mthe vie wpoint of
inhibitio n of mic ellefo - atio n a nd a chie vmg alo ng- cir c ulatio npropertyin vivo
28,98,1 13)
The en c aps ulated am ount ofnystatin w a salsoin且u en ced bythe am o u nt of D S PE-P E G
inc orpor ated･ Itin cre ased asthe a m o u nt ofD S P E-P E G 2 K in cre ased
, rea ching aplateau
at6 m ol% D S P E-P E G･ Compared withthe resultsfor An Bas sho wn in Table1-2, a
lo we rincorpo r atio n of D S P E-P E Gw a s e n o ughfor saturatio n ofthe encapsulation of
nystatin.
h the above experim ents,theinitialw eightratio ofnystatin w as五Ⅹed at0.15or0 3 0
toinve stigate the r elativ e en c apsulation effica cy･ En c apsulatio n effic a cy w a s als o
affe cted by theinitiala m o unt ofnystatin used fortheprepa ration･ Assho wn h Fig･ 3-
2
,
the e n c apsulated am o unt ofnystatinincre a sed withtheinitialw eightr atio ofnystatin
tolipid･ Of thethre ety pes oflipos o m es, D PP CのSP E-P E G lipo s o m e s sho wedthe
highest en c apsulatio n effic a cy athighinitialw eightratio･ How ever, a higher nyStatin
tolipidr atio res ulted inlo wer stability a ndyield, s othe w eightratio u sed in Tables3-1
and3-2 w as co n sideredtobe ago od c ompr omise･
Because nystatin w as n ot w ellen c apsulatedin D P P C/ = 1ipos o mes as sho wn above,
attentio n w asfo c u sed o nthr e elipo s o malfo rmulatio n s, D P P C, D P P CのS P E-P E G 2 K
(2/0･13, m ol/m ol), and D P P C/C即)S P E-P E G 2K(2/1/0･19, m ol/m ol)inthefollo wing
e xperim ents.
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塑 望 聖
Lipidc omposition Tm
oi蒜Za.i)
o solv e nt ”
p
y
g
d
n
a!sntaetnin/aE;1hap5冒n
a's D
±
DPP C
D P CJD S PE-P E G2 K
DPP C/ H
D PPC/CfIDS PE-PfiG2 K
D PP C/ H
D PP C/ fIのSP E-PE G2 K
2
2:0.12
2:1
2:1
2:1:0.19
2:1:0.19
2:1:0.19
2:1:0.19
1:1
1:1:0.12
9 %sucro se 149.5
9 %su αos e 151.0
9 %s uα ose 12.8
salin e
9 %sucr ose
salin e
10m M citric a cid(pⅠ召)
10m M TrisHClbH 9)
9 %s u crose
9 %su cro se
10.2
83.9
25.9
13.5
21.5
10.0
33.3
1
1
2
.1
1.6
2
.7
4.4
6,1
5
.7
0.9
0.6
3.1
3.8
a)h it alw eightr atio ofnystatinto t otal 止pidwas0.15(w 佃),
Table 3-2 Effect of D S P E-P弔G o nthe en c apsulation ofnystatinin lipo s o meshydrated
with 9%su cr o se s olution .
Lipidc oTnPOSi血o n M olar ra丘o D SP E-P E G Nystatin encapsulatio コ S D
(m ol/m ol) m ol % LLgnysta血/mgupid ±
D PP C/ Ⅱn)S P E-P E G IK
D PP C/ HのS P E-P EG2 K
D PP C/ EDS P E-P E G 3 K
D PP C/ HDS P E-P E G 5 K
D PP C/ HのS P E-P E G 2 K
D PP C/ Hn)SP E-P E G 2 K
DPP C/C EJD S PE-P E G 2 K
D PP C/ fln)SP E-P E G 2 K
2:1:0.1 9
2:1:0.19
2:1:0.19
2:1:0.19
2:1:0.09
2:1:0.19
2:1:0.30
2:1:0.41
6
6
6
6
3
6
9
12
74.1 a)
83.9 a)
62.9 a)
1 7.4 a)
1 28.3ら)
186. b)
185.4b)
190 ユb)
2
6
13
15
14
21
31
40
a)Initialw eightratio ofnystatintototal lipidw as0.15(w 佃)
b)Initial w eightrado ofnystatintototal lipidw a s0.30(w/w)
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Fig･ 3-2 Effe ct oftheinitialw eightratio ofnystatintolipidon nystatin encapsulation
inlipo s o mes･
(軍)D PP C lipo s om es, (△)D P P CDSP E-P E G 1
.
ipo s o mes, (○)DPPC/C EのS P E-P E G
lipo s o mes･
3･2･2. Self･ a s so ciatio n ofnystatin with lipos o malm e mbr a n e s
Sin ce nystatin self- as s ociates with lipd m embrane
95･96)
, high encapsulation of
nystatin in ster oI-fre elipo s o mes m ay re且ect the preferred nystatin interAction with
steroトfreelipidm embr anes. To c o nfim this, the binding affin ty ofnystatin to the
lipo s o mal m embran es w a s studied by fluo res cence m easurem ent in DP P C,
D PPqD SP E-P E Gand D P P C/C H/D SP E-PEG lipo som es. As sho wn in Fig. 3-3, the
鮎ores cen c einten sity ofnystatin w ase血 an c ed withincreasl nglipidco ncentr atio nin
theselipo so mes. C H-free lipo s o mes(D P P C, D P P C仰SP E-P E G)sho w ed a similar
increas eof flu o res cen ce
,
reachingaplate a u athighlipidc o n centratio n･ On the other
ha nd, the 丑u orescenceintensityin D PP C/ H/D SP E-P E G-1ipos o meslinea rlyin crea sed
abo ut half asfast a sin the ster ol- fre elipo s o mes. T hese resultsindicate that the
in corpo r atio n of C Hinhibits the as s o ciation of nystatin with lipo s o m al m embr anes,
eveninthepres enc eofD SPE-P EG･
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Fig. 3-3 Self- as s ociatio n of nystatin with lipo s o m al m embr a nes estim atedinte n s of
the enha ncem ent offlu o res cen ceinte nsityat30
oC.
(澄)D P P C lipo s o mes, (△)D P P CのSP EIP E G lipos o mes, (○)D P P C/ HのSP E-P E G
lipo s o mes･
Nystatin w a sdis s olved in methan ol･ Lipo s o mes were prepared as des c ribed
l
in
Materials a nd Methods without nystatin ･ T he lipidc o ncentration w as adjustedto 5
mM as a stock s olution . Nystatin c oncentr atio nin ea ch s a mple w asfixed at10pM ･
Nystatinin a c onsta ntv olu m e a nd lipo s o mes were addedto ea ch s a mple &o mthe sto ck
solutions and ea ch mixtur e w a sin c ubated at30oC for1 h. Thefinalc o n centr ation of
methan ol in the s olutio n wasbelo wl%(v/v).
3.2.3. M ole c ula rinte ractio nbetw e e nystatin a nd I)S P E･P E G
T he en capsulatio n effic a cy of nystatin in D PP C/ fyD S P E
-P E G lipo s o me占 w as
in加･en ced bythe s olutio n used fo rhydration, thein c o rpo rated am o unt ofD S P E
-P E G
a ndthe m olecularw eightof P E G, suggestingthat m olecula rintera ctions o c curbetw e en
nystatin and D S P E-P EG･ T herefo re, nystatin- D SP E
-P E Gs olutio nw asprepared andthe
inter a ctio nbetw e enthe c o mpo n e nts w a sinv estigated･
As theinter a ctio n mode, wbicbis s a me to that of AmB, tw opo ssibilit es wer e
c o n sidered･ On eis c o mplexfo matio nbetw e en nystatin a nd D SP E
-P E Gviaintera ctio n
between certain fun ctio n algr oups･ T he otheris s olubilz atio n of nystatinby D SP E
-
PE G･ h this c a s e, nystatin m olec ules w o uld be inc orpor ated in the a cylchain s and m ay
fo m pore stru ctu resin a naggr egatedstate･ The samplefor med a pale yellow s olution,
which w a s stable at4o C for atlea st a m o nth. Figtlre3-4showsthe nystatinn)S P E
-P E G
m olar r atio ofthe prepar ed nystatまnのSP E-P E Gs6lutio n･ Nystatin
L
hfer actio n with
D SPEIP E G in c re a sed depending o ntheinitialm olar r atio a ndreached about1/1 at5/1
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i皿itialm ola r r atio･ Sin ce n ofu rtherin c re ase ofthe ratio w as observed athigherinitial
mola r ratio,the m ola r ratio ofnystatinのS P E-P E G inte ractio n was estim ated as1/1.
Ne xt, the m echa nis m of en c apsulatio n of nystatin h P E G lipo s o mes w as ex amin ed
byusingP EG a nd nystatin derivatives(Fig･ 3-1)･ The res ults are su ュ- arizedin Table31
3･ Whe n D T-P E G I K, which has o nly a P E Gm oiety, w as used, the en c apsulated
am o unt ofnystatin was22･4 ug/mglipid･ With D SP A, which ha sa p串osphate gr otlP,
nystatin en c apsulatio nin creased(71･2 LLg/mg lipid) a nd with D P P-P E G I K, while
D SPE-P B G IK, which ha ve boththe pho sphate group a ndthe P EG m oiety, als oga v e
highvalu es(75･1 a nd 83･9p g/mglipid, respectiv ely)･ Thus, a pho sphate group, w hich
hasa negative charge, 1S requir edfor bigb enc apsulation of nystatin, andthe P E G
m oi?tylS n otS Oimportantinter m s ofe nha n c ed en capsulation ofnystatin･
The en c aps ulated a m ou nt of nystatin m ethyleste r, a carbo xyl group- m odified
deriv ative of nystatin, w as alm o st the sam e as that of nystatin, while that of
a c etylnystatin, an amino gr oup
- m odified deriv ative ofnystatin, w as alm o st zer o･ T hese
resultsindicatedthat the amin ogr oup m ay play a nimportantr olein the e ncapsulation
ofnystatinbyinter a cting withthepho sphategroupin D S P E-P E G･
Participatio n of the pho sphate gr oupin the inter a ction wa s c o nfir med bythe
31p-
N M Rspe ctru m(Fig･ 3-5)･ In the spe ctru m ofD S P E-P E G, the pho sphate sign al w as
observ ed at2･05ppm ･ h nystatin - D S P E-P E Gs olutio n, the signal w aspartiallyshifted
to the higher m agnetic field(-9･08p pm), which is c on sistent with an amino
gro up/pho sphategr oupinteraction ･
Table 3-3 Effe ct of nystatin and D SP E-P E G derivativ es o nen capsulation in P E G
lipos o mes
a)
･
Nystatin en c apsulation
b) s D
illnyStatin/m gupid
22.4
71.2
75.1
83.9
83.9
80.2
1.8
±
4
6
16
6
6
16
1
D SP E-P E G
deriv ativ e
D T-P E G I K
D SP A
DPP-P EGI K
D SP EIP E G I K
D SP E-PE G 2 K
D SP E-P E G 2 K
D SP E-P E G 2 K
Nystadn deriv ative
Nystatin
Nysta血
Nysta血
Nysta血
Nysta血
Nystatin m ethylester
Ac8tyhystatin
a)Lipidc o mpo sition :D P P C/ I甘D S P E-P E G 2 K(2/1/0･1 9, m ol/m ol)I
b)hitialw eightr atio ofnystatintototal upidw a s0.15(w/w).
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Fig. 3-4 Effect ofinitial m olar ratio o ntheintera ctio nbetw e en nystatin and D S P E-
PE G.
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Fig･ 3-5
31
p- N M Rspectra ofnystatin
- D S P E-P E Gs olutio n･
a)D SP E-P E G, b)nystatin- D SP E-P E G. Samples wereprepar edbyhydration with D20
a ndfilteredthr oughaO･4 岬 m emb
･
rane filter･
3 1
p- N M Rspe ctr a were rec o rded at162
MHz at300 K.
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3.2, Dis ctlS Sion
En c apsulatio n of nystatininlipos o mes was characterized withrega rdtothe effects
ofC Ha nd D S P E-P E G, a nd c o mpared withthatof Am B･ T he preferential ass o ciation
ofnystatin withste rol
-free lipidm embra n eshasbee nreported
95･9 6) and w a sconfirm ed
inthis study with D PC and D P P C/CH のS P E-PE G lipo s o mes(Fig.. 3
-3). T hese
phen o men ain鮎 e nce nystatin e n caps ulation inlipo s om es･ As sho wn iーn Table 3-1 and
Fig･ 3-2, the highest en c aps ulatio n effic a cy w as obse rved in .
D P P Cnj SP E-P E G
lipos o mes･ Sin c eD P P C lipo s om es als o sho wed highencapsulation
.
effica cy atlow
initialnystatintolipidratio, s elf- as s o ciatio n ofnystatin wi ththe ste rol-fre elipids m ay
occTrduringupo s o me prepar atio n･ h D P P C/D S P EIP E G lipo s om es, the e n c apsulated
a m o u nt ofnystatin c o ntinu edtoin crea se e v en athighinitialnystatin tolipidratio(Fig.
3-2). The differen ce of encaps ulation efficacybetw e en D P P CandD P P Cnj SP E-P E G
lipo s o mes renects theinteractio nbetw e en nystatin and D SP E-P E G, butan e n c apsd ated
am ountabout1 mg nystatin/mglipid(almo st equ alto1/1 m olar r atio)w asto ola rgeto
allow form atio n of lipo s o mal m embra n es with normalphysic o chemicalpr opertiesI
Therefo re
,
tho ugh highen capsulatio n effic a cy w as obtain ed athighinitialnystatin to
lipidr atio, the ne ed fo r stabilitya ndgo od m embran epr operties me an sthatalo winitial
nystatin to lipidr atio is m o re s uitable fo rthe preparation of nystatin - e nc apstlated
lipos om es ･
TLede crease ofnystatin encapsulation byin c oIPOr atio n of.Cflw a simpr o ved bythe
inc o rpo r atio n of D SP E-P E G, w hen the D PP C/ H&olar r atio w as2/1(Table 3-1).
A 地oughthe impr ov em ent reflects the m olecularintera ctio n betw e en nystatin a nd
DSP E-P E G in the lipos o me preparatio n, n o e血 an ced en c aps ulation of nystatin w as
-
observedin D P P C/ H(1/1, m/m)lipo s o m e s e ven in the pres enc9 0f D SP E-P E G.
These res ultsindicatethatthein c orpo ratio n of C H disfa v o rs nystatin encapsulation, and
that the e n c aps ulation am o untdepe nds m ainlyo nthe CIic o ntent･
Inc orpo ration of C H decre asedthe en capsulatio neffic a cy, butin c orpo ration of C H
and D S P E-P E Gin nystatin- e n c apsulating lipos o mes w a s required for the lo ng-
circ ulating pr ope rty in blood to achieve high the rapetltic effic a cy ln Pr a ctical u se･
Ev e nin D P P C/ HのSP E-P E Glipo s o mes,the en c apsulatio neffic a cy(83.9けg/mglipid)
w a shigherthanthat of D M P Cn) M P G lipo s o mes(m axim u min c o rporatio n:60けg/mg
lipid), which hav ebe e n usedfo rexperim entalther apy89
‾91)
∴ T herefore
,
inv estigation
wasfo c u s ed o nthe en c aps ulation chara cteristics of nystatin in D P P C/ fI/D SP E-P E G
lipo s o mes.
In crea sed D S P E-P E G in c o rporation res ulted inin crea sed e ncapsulatio n of nystatin,
but th is plateau ed at abo ve 6 m ol % in c o rpo ratio n(Table 312). Enhanced
e nc aps ulatio n w a sals o obser v ed in P E G lipo s o mes whe nthe mole c ular weightof P E G
was1
,
000or2
,
000 butde c rea s ed with ala rger m olec ula r veigbt of P E G･ Comparl ng
the e n c aps ulatio n char a cteristics of nystatin withthos e of Amp, nysta血 m o r e readily
a sso ciated withster oト丘e elipidm e血br a nes･ Fo rexample,the enc apsulated a m o u nts of
AnB and nystatinin DPPC lipo s o mes were 62a nd 14 9･5 pg/mglipid, respe ctively･
Onthe other ha nd
,
An Bw a s m ore eadilyinter a cted with D SP E-P E G, a nd ev en in
DPP C/CH(1/1, m/m)lipo s o mes, enhan ced en c aps ulatio n of An Bw as observed(61
iLg/mglipid). T hese res ultsindic atedthat thedifferen ce ofthe as s o ciatio n of An Band
nystatin with lipds or DS P E-P E G is reflected inthe en cqps ulatio n characteristic s ofthe
lipos o m es.
･The m ole c ularintera ctio nbetw e en nystatin and D SP E
-P E G isdiffe rentfro mthat of
AmB 皿d D SP E-P E G･ Co mple xfo - atio nin v olvinginter a ctio n s ofthe a min o a nd
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polyene m oi
eties of An Bwith the pho sphate a nd P E Gm oieties of D S P E-P EG,
respectiv ely, has alreadybe e ndes cribed in Chapterl a nd II･ In this case,in addito nto
the c o mplex form atio nbetw e en Am Band D S P E-P E Gby inte ractio nbetw e e nthe
fu nctio nalgr oups, s olubilization of Am Bby D SP E-P EG m ay als o o c c u r. On the other
hand, m ole cularinte r actio nbetw e en nystatin a nd D SP E-P Gin volves o nlythe amin o
group of nystatin and phosphate gr o up of D S P E
-P E G(Table 3-3). T herefo re, the
m ole c ula rintera ctio nbetw e en nystatin and D SP E-P E Gm ay prom ote s-olubiliz ation o r
ads orptio n ofnystatin m olec ulesinto or o nthelipidm e mbra n e.
Multilam e11ar v esicles (M L V) co ntaining
.
nystatin, which are
-
compo sed of
DM P C/D MP G, ha v ebe e nus edfor experim entalther apyand sho wedgo od a ntifungal
a ctivitylnmice
89-9n
･ But there a r e s om epr oble m s o ntheintra ven o u s ad ministration of
theselipo s o m alfo r m ulations･ Acttlal1y, the lipos omal fo r m ulatio n of nystatin is an
i=jectable dosage fr o m with relatively high en c aps ulation effic a cy, how e v er, itis
clea red rapidlyfr o mblo od cir c ulatio n a nd a c cu m ulatedin reticuloendothelialsyste m
(RES) orlung･ T herefor e, the lipos omal fo - ulation of nystatin, w hich ha slo ng-
circulatio npropertyin blo od as sho wn inthis study,isbetterthan that of M L V fo rthe
therapeutic e耳perim ents ofsystemicfungalinfe ctio n.
The lipid co mpo sitio nincludingthe encapsulation effic a cy of nystatin is als o an
impo rtantfa ctorto dete r min ethe ther ape utic efflCa Cy･ In cre ased incorporation of C H
inlipo s o mes co ntributestothe stabilityinblo od, but reducesthe e ncapsulation effic a cy
ofnystatin･ Increa sedinco rpo r atio n of D S P E-P E Gco ntri butes to thelong- cir culation
pr opertyin blo od a nd enha nced en c aps ulatio n efficacy of nystatin, butin this case,
mic elle fo r m atio n a nd the c o rrespo nding to xicity pr oblem m ay o c cu r･ So, further
fund amentalstudies
,
e ･g･ , on the stability and m echa nis m s ofnystatin e nc apsulation in
PE G lipos om es, w ouldbe requiredtofindthe optim um experim e ntalcpnditionsfo rthe
ther ape utic u ses･ Bec a u se ofthe intrinsicflu oresc en c e of nystatin, detailedstru ctur al
info r m atio n abo ut the loc aliz atio n of nystatin in P E G lipo s om es should be
straightforw ardto obtain a ndtho se w eredescri bedin C hapte rIV.
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Chapte rI V
Mole c ula rState of Nystatin Encapsulatedin Liposo m es
4.1. Intr odu ctio n
Nystatin, which ha sa si mi la r stru ctureto AmB, ha sabr o ader spe ctru mof action than
AmB and hasals obeen used forthetreatm entof mtan eous, vaginal, and oralcndida ses
by oral
$4)
, pleu r al
85)
,
inhalation 8 6) andtopic al?d ministr ado n
87)
･ Ho w e ver, to xicity
problems such asthr o mbophlebits, fe v er, ch ms, a nd n a use a, hav e prevented parenteral
appucado n ofnysta血
92) Rec e ntly, a upo som al formuladon of nystath with redtlCed
to xiciq and go od a ctivity血 mic e was established
89 4 1) by using D M P CDM P G.
Co ncem lngthe opt血al lipd fo r mulado n of A 血B- or nystath - e nc apstla血glipo s o mes
forhtra ven ous admin istration, the inc orpo r東ion ofa=1 amPhipathic polyethyle n eglyc ol
deriv ative, DSp E-P EG, signific a ntly m creased the enc apstlatio n effic a cy of Am B or
nystatin a sdes cri bed h Chapter l and III in CI‡-inco rpo r a血g Bpo s o m es･ 瓦血anced
enc aps ulatio n ofnysta血 tendsto occ u rh ster ol-fre elipo s om es, which is differentfr o m
the case of AmB･ Fu rther m o re, nystatin does n ot readilyinter act with DS PE-PEG,
compared wi th Am B･ The m e chanism of the inte raction betw e en nystatin aJldster oトffee
lipidm embraneshasbeen studied by m a=1yre s e archers
94-9 67 1 1 4･1 1 5)
,
butthe m echaJlis m of
encapsulatio n a nd the m olecular state of nystatin h lipo s o mes have n ot be en fully
established.
h this Chapter, the stabnity and m olec ular states of nyst 血 h fou r k h ds of
hpo s o mes, D P P C, D P P C/ H, DP P C/D S P E-P E G and DP P C/C町DS P E-P E G
upo s o mes, w ere ex amin ed ino rderto elucidate the en c aps ulation m echaJlis m of nystatin
in lipo s o m es･ The lo caliz ation of nystatin o n the o uter surfa ce ofthe upo s o m al
m embra nes w asinvesdgated byP E G/dextr皿 tW O-Phasepartido n a nd m e asurem entof the
nu ores cen c equ e n ch 血g of nystatin h lipos o mes･ T he m ole c ular states of nystatin h
theselipo s o m e s were studiedby m eas u r mg flu o res cen ce se払quen ching' aJlis otr opy of
nystatin and abs orptio n and circular dichI Ois m (C D) spe ctra. F h ally, stability of
upo so mes a nd lo c ation of nystatininnystatin-en c apsulatinglipo s om es w ere als o studied
hten s ofcalceh and nystatinrelease fro m nystatin- e ncapsulatinglipo s o mesif -itro･
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4,2. Res tllts a nd dis c u s sio n
4･2･1･ Stl rfa c e state of lipo s om al m e mbr a n e sin the pr es ence of nystatin
Nysta血 has a similar structure to A m丑, but its en c apsulatio n charactedstics a re
different･ Ithas alreadybee nde mo n str atedthatenha=1Ced encapsulatio n ofnyst血 c a nbe
a chie ved in ster ol-fre ea nd D S P E-P E G-inco rpo r athg lipos o mesI In that c ase, nystath
m ole cules may be ads orbed o r may interact with D S P E-P E Gat thelわo?o malsu rface･
Therefore, P E G/de xtra n tw o-phase partido n and m easurem ent of the nuo res cen ce
qu en ching of nystatin by p
- xyle n e-bis -pyridiniuふ br omi de(D P X) w ere perfo med to
evaluatethes urfa ce state ofthelipos o malm embran es in theprese nce ofnystatin･
First, w e employedthe P E G/dextran tw o-phase partitio n m ethod(Table 4-1). Lipid
c o mpo sitio n of the kinetics of the partitio n mg of lipo s o m esin aqueous tw o-phase
paddon syste m sis dependent upo nthe vesicle siz e, net charge and hydr ophilicityor
upophilicity of the m embrane surfa ce
108)
･ Thu s
,
ifnystafh - encapsulating a nd n on -
enc aps ula血1glipo s o mes, pr epar ed bythe s am epr o cedtlre, Sho w different pardtio ning
behavio rin the s a血e pha s e system , their s u rfa ce pr operties m u st diffe r･ Sin ce
paditio n mgbehaviorpr ovides anin dex ofsurface pr operdes, as mendon ed abov e, this
m ethodcanbe useda nalytical1y･ The surfacepotend alof P EG upo s om esis n egadve,
thoughthe zetapotential is almost ne utral underphysiologicalco nditons. Takingthese
ele血icals u rfa ce pr operties into c o n side r atio n, a ュo n- charge-se nsitive phase system
co nsiting of 5%(w/w) P E G 8 000a nd 5%(w 佃) dextra n T-500, 0.01 Ms odiu m
pho sphate, 0･15 Ms odiu m chloride bH 7･ 0) w as u sed to examine the cha nge of the
surfa ce state of P E G lipo s o mes caused by en c aps ulado n of nystatin･ Fourlipo s o m al
fo mulatio n s
,
D PP C
,
D P P C/ H (2/1, m ol/m ol), D P PqのS P E-PモG 2 K(2/0.1 3,
m oUm ol), aJld D P P C/C HDS P E-P E G 2 K(2/1/0.1 9, m ol/m ol)labeled wi th3臥 CIも wi th
orwithout nystatin, w ere prepared with a v eragedia metersinthe r a nge of 1 1to13 5n m
(Table 4-2). Labe血g wi th
3H - C H in D P P Ca nd D P P CDS P E-P E G Hpo s om es didn ot
affect the pa rtitio ning beha vior of the se lipos o mes, c o mpared with D P P C/C E aJld
DPP C/ HのS P E-P E G 2 Klipo s o mes, respectively･ Pardtio nhg beha vio r of these
upo s om es m ea s u r ed at30 min after m lX lng W as expres sedinter m s of the pe rce ntages of
total upos om es in thetw ophases and at the hterface(Table 4-1). Pa rticle si託 Of thes e
lipo s om es w a s n ot cha nged befor e a nd after the partitioning e甲 e 血 ents(Table 4-2).
D PP Cbpo s om es werefound m o stlyatthe interface(87･ 5%), but w ere partly partitio ned
to the low er phase (27%) after encapsulation of nystatin･ Be?a u se of the lo w
e n caps ulatio n ofnystatin, pardtioningbehavior of D P PC/CE lipo s om es w as almo sts ame
hthepr esen ce or absen c e ofnystatin. Enha n c ed pa rtitio n mg of D P P CDS P E-P E Ga nd
D PP C/ H/D S P E-P E G lipo s o mes into the upper phase w as obser ved, but these
lipo s o mes w ere als opartlypartitio nedto theinterfac e o rlo werphase after en c apsulatio n
of nystatin. As this lipidc o mpo sitio n, the stlrfa ce state of･D P P C/ Hn)S P E
-P EG
lipo s o mes en c aps ulating nystatinat84LLg/mglipidw as n ot cha nged m u ch･ Ho we v er,
p打出o ningto the interfa ce w a s obs erved in the c a se of higher en c aps ulatio n(160ト上g/mg
lipid)･ T hes e re s ults s uggested thatnystatinm ole c ules w ere partlylo calized at the su
･
rfa ce
regio n Ofthelipo s o malm embr ane when the enc apsulateda m o untofnystatin w ashigh･
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Table 4-1 Partitio n血g of nystatin -encaps ula血g upo s o mes h the P E G/dextr an tw o-
phasesyste m
a)
･
En c aps ulated
am otlnt
(掩 也glipid)
Lipid00 mpo si 血n
C
% Lip(芯 O m eS由dedら)
Upperphas e hte r免c e Lo w e rphase
DI)P
D FP⊂粗ysta血
D PPCyC H
D P C/C H血ys也tin
DPP C/P E G
DFP CyP E G/nysta血
D PP C/ HげE G
150
13
151
D PPqC 即 E G/nystath 84
D PP U C HげE G/nysta血 160
7･7( 0)
2.3
1.4
0.7
97.3
(1.1)
( 0)
(0.4)
(2.3)
70･8(8.2)
94･4(1.6)
83･1(6.9)
70.0(7 5)
87.5
71.0
87.9
78.6
1.5
27.8
3.7
9,4
28.7
(0･5)
β.5)
(1･2)
(2･6)
(2･5)
(8･2)
(1.5)
(9.3)
(9･4)
4･9(0.5)
27.O(4,4)
1 0･7(1･2)
20･7 (2･3)
1･2 (2.2)
1･4( 0)
2･O P･1)
715 (2･4)
1･3 (1.9)
a)アh_
a軍9yS
Lte甲 C O甲POS e_
d of亨%(w/w)P E G80 00and 5 %(w/w)de xlran T-500 in
0･01 Ms odiu m pho sphate(pH 7.0)c ontaining0.15 Msodill m
'
chloride.
b)Vahes ar e m e an(± S D). n ヨ .
Table4-2 Particle size ofnystath - enc apsulated lipo s o m es
a)(nm).
Lipidc o mp(芯ition afte r e xtrusion/ after after extrusion/ before after
α ntriEugaion e xtnBion c entrifugation partitionb) pa rtition c)
DPP C 109(4.8) 122(1.1)
DPCK: H 109(3.0) 116(1.8)
D PP CDS P E-P EG 112(2.5) 113(0.9)
D PP CJ H/D S PE-P E G 119(3.7) 122(1.6)
135(8.1)
116(3 2)
119(1,8)
118(5ユ)
115(5,5) ll
116(2.9) _ll
117(2.q ll
129(3.9) 12
3
1
3
6
(2,8)
(4.6)
(7.0)
(5.2)
a)valu es a rem e an(± S D), n = 3.
b)Pa rticlesiz eofthelわo s om es w er e Ⅱ近aSur ed afte r mixing wi th PE G/dextra ntw o -
phas e system .
c)Partide size ofthelipo s o mes vm s me astu ed at30 min a丑e rthe mixing with 托G/
dextm ntw o-phase syste m.
To
,
es也n ate 也e surfa ce state of nystatin - en capsula血g lipo s om es quantitatively,
nuores ce nce quen ching ofnystatinenc aps ulated h lipo s o mes by D P Xw asinv estigated,
and the results a re s u= 皿arized in Table 4-3･ D P X has bee n used a s ahydr ophnic
quen cherto e valuate the fusio n of lipos o mes o rthele akage of drugs
11671 1 7)
･ sin c eD P X
ca nn ot Perm eate the lipo s o m al m embr an es, nu or es cen c equenchhg of nystatin
enc aps ulated in upo s o mes by addito n of D P Xrefle cts the a m ou nt of nysta血 at the
surface regio nOf thelipo s o m al m embr anes･ The degre eof nystath qu en ch ingby D P X
w as estim atedinte rm s oftheStern -Volmer c o n stant
,
the o rde r ofwhich w ouldreflectthe
extentto which nystatinm olecules ar elo c ated o nthe stlrface･ As sho wn h Table4-3, K
sv
valu eof D P P C/CE lipos o mes w as extr a o rdin aryhighin spite ofthelo w en c aps ulated
am ounts(13u g/mglipid), s uggestingthat nystatin m olec ules m ay belo c aliz ed on the
s urfa ce ofthelipo so malm e mbr anes･ In c o rpor ado n of D S P E- P E Genha n c ed theKs , valu e
tom 3･ 8 to 8･2(co mpar eD P P Ca nd D P P加s p E-P E G lipos o mes) at ah o st s am e
en caps ulated a m o u nts･ In the c as e of D P P C/C HDS P E-P E G lipo s o mes, alo w Ks, value
- 39-
(2･7)w as observed atlo w en capsulatio n of nystatin(84p･g/mglipid), where as a血igh
value7･5 w as se en at ahighlevelof nystatin encapsulation (160p･g/mglipid). 皿 ese
results c o rrespo nd w ellto tho se sho wn in Table 4-1 a nd indic ate thatlo calizadon of
nysta血 m oleculesinthe surfac eregion of D P P Cn)SP E-P E Ga nd D P P C/C日n)S P E-P E G
upo s o mesdepends o nthe en c aps ulated am ounts･
Table4-3 Flu oresc e nce qu enching ofnystatininlipo s o mesby D P X
a)
･
Lipidc o mpo sitio n En c aps ulated Ste m- Volm er Correlation
a m ou nt consta ntb) coeffic ent
(ドg/mglipid) Ksv (M
-1) r
D PP C
DPP C/C H
D PPCmS P E-P E G
15 0
13
151
D PPC/CHのS PE-P E G 84
D PPC/C HのS P E-P E G 160
3.8 0.995
5.0 0.97 0
8.2 0.995
2.7 0.963
7.5 0.956
a)Nystath c o n c entratio n w a s3ド･M .
b)Stern - Volmerplot:FoG = Es v[D P X]＋1
4･2･2 Molecula r state of nystatin in lipo s o m e s
Co mpared with AnB, nystatin does n ot readilyinter a ct with D S P E-P E Gand the
enhan ced en c aps ulatio n of nystatin w ould be attributed to the CH -free upo s o mal
甲e mbr anes, n ot totheinter actio nwith D S P E-P E Gas sho w nh ChapterIII. In v estigatio n
oH he m ole c ula rlo c aliz ation a nd states ofnystatin inlipo s o malm embr anesisthekeyto
solve the m e cha nis m of en c aps ulation of nystatin in lipo s o mes･ Bec a u se ofthe intrin sic
fluores cen ce property of nystatin, the m olecular states of nystath in four kinds of
upos o mes were e stim ated by m eas urem ents of 且uore s cen ce a nd C Dspectra ofnystatin h
也eselipo s o mes.
Figu re4-1 sho w sthe change of the 且u o r es cen ce inten sityofnystatin asafu n ctionlof
the e n c aps ulated am ount h lipo s o mes. When the nystatin c o n centr ation w asfixed at3
PM, the fluor es cen ce inten s立y decr e as ed wi thincre asing en c apsulated a m o unt of
nystatin･ Flu or占s c e n ce intensityof nysta血 in D P P C/C H and D P P C/C HのSPE-P E G
lipos o mes at lo w e n甲PS ulated an o u nts sho wed almo st s ame v alue, though the
en caps ulated am o u nts of nystatin in D P P C/C H lipo s o mes we re v ery s m all. Ster ol- Be e,
DP Ca nd DPP Cn)S P E-P E G lipo s o m es al o show edsimi la rchanges ofthenuo res c e n ce
intensityandthe chaJlgeS W ere larger than that of D PC/CH/DSP E-P E G lipo s o mes･･
Theseres ultsindic ate that thefluo res cenceinten sityofnystatin in hpo s o mesisinflu e n ced
byCH a nd n otby D S P E-P E G･ To hterpretthequenching of the nystatin nu o res cen ce h
theseupo s o m es, tw opo s sibnities m aybe c onsidered: o neis self- as s o ciatio n o r aggregate
form atio n ofnystatin inupos o m alm e mbr a nes
94･9 6)
and the otheris m olec ularinteractio n
with C H 94) jk sho wn inTable 4-2, particle size inα e ase w as n ot observed by
enc aps ulatio n ofnystatin in ev erylipidc o mpo sitio n･ Shce nys土atinis n ot en caps ulated in
DPP C/C Hlipo so mes s o m u ch and nyst血 nu or e s cen c einD P P Ca nd D P P CDS PE-P EG
upo so mesdec reas ed within c re as mg e n c apsulated a m o unt ofnystatinto the s am ele velas
●
thatof D P P C/CH/D S P E-P E Glipo s o mes, thelo wer nu ores cenc einten sity ofnystatin in
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cppC/C H a nd D P P C/CfIのSP E-P E G lipos om es c anbe at出buted to the fo Ⅱn er
皿eCha nis Ⅱ1･ n e Cha nge of the flu or es cen ce intensity of nystatin has als o be en
in vesdgated by u s mg dimyristoylpho sphatidylcholhe v esicles atlo w nystatin -to -lipid
molar ratio(<0･ 02)114)･ n e qu en ching beha vio r of nystatin they reported w asnot
dyna m icquenching, butstatic quenching･ Interestingly' thequench hgbeha vio ris similar
to that of DP P C/C HDSP E-P E G lipo s om es, hit n ot tO that of ster oトfree D PP C o r
DPPCDS P E-P EG lipo s o皿 eS ･ T he ap parently c o ntr adicto ry results can be attri butedto
thedi飴rence ofthe encaps ulated am o u nt of nystatin･ Restriction ofthe reorientational
modo n ofnystatin m o n o mer, asthey m endon ed, w ould als o c ontri bute to the qu ench hg
behavio rof D P P C/CfIDS PE-P E G upo s o mes. These resultsindic ate that
-
thelocaliz ation
ofnystath in C H-inc o rporating m embranes c ould be evalu ated o nthe basis of self-
qtlenChing ofnystatinflu o res cen ce, andthat nysta血 m olecules were at 缶st delo c aliz ed
and then self-a s s o ciated atahigherle velofe nc aps ulatio nh CH - be e m embranes.
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Fig･ 4-1 C ha nge of flu or es cen cehten sitywith incre asing c ontent of nystatin in
lipos o m e s at30
o
C.
(I)DP P Clipo s o mes,･(◆)D PP C/ H upo som es,(A)D P P CのS P E-P E GHpos o mes, (◎)
D P C/C町DS P E-P E G lipo s o mes･
Nystatin c on c e ntr atio n was ad]
･
u stedto 3 ドM hs u c r o se olutio n. T he ex citatio n and
emissio n w a vele ngths ofnystatin w e r e318and425皿 , r eSPe Cdv ely. Values a re m e a n±
SDandn= 3.
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Tbe effect ofthe en c apsulated am o u nt of nystath o nthe au ores c e n ce anis otr op y皿
nystatin
- en caps ula血glipo s o mesis sho w nin Fig･ 4-2･ Decre ased aJlis otrop yreprese nts
increas ed nysta血 m obiuty
94)
･ when thetempe ratu re ofthe m easurem ents w as3 0
o
C
,
the
加o resc e n Ce aJlis otr opyofnystatin in the thr e ekinds of lipo s o mes w asalmo stthe s am e,
sho wmg a Sughtdecrea se wi then c aps ulated am o u ntofnystatinwithin ther a nge of 0.2 to
O･25･ The dec re ased a=1is otr opycallbe attributedto que n ching of thepolariz ation , a s a
resultof fluo rescenc ehtensityqu ench hg
114)
I but the degre eofqu ench hg w asv erylittle
in e v erタkinds ofliposom es at thesehigh en c apsulated am o unts･ Flu ores cen ce allis otr op y
ofnystatinin aqu eo us s olutio nha sals obe en r eported byCastanl10 etall
9 4)
･ Ⅷ･eyfotlnd
that the anis otr opyofnystatinin m o n o meric a nd aggregated states w as O･ 05and 0. 28,
respectiv ely･ Fr o m the res ults, the restricted m olec ular m otion of nystatin by
en capsulatio nin lipo s om es is speculated, tho ughthe nystatin en capsulated in the fo u r
kinds oflipo s o mes has m o re freedo m of m ov em ent tha nthat hthe aggregated state in
w ater.
Fro m the results, po s sible e n c &psulation m e cha=1is m s of nystath in lipo s o mes
narr o wed do w nto the fouo wingthre epoints; hter a ction with lip dm embrane (self-
ass o ciatio nto ster oトfre elipid m embr an e), ads o rption o nthe hpo s o malsurfa α and
interactio nwith D SP E-P E Gasdis c u ssed h 3. .
0.3 5
0.3
礼
a
○
i o.25
.盟
F]
i
0.之
0.15
0 50 100 15 0 2 00 250
LLg nyStatin/m glipid
Fig･4- 2 Cha nge of anis otr opy with in c reas mg c o nte nt ofnystath in lipo s o mes at30
o C･
(句)DPP C lipo s o m es,(◆)D P P C/ H upo s o mes,(▲)D P P CのS P E-P E G hpo s om es, (○)
DPPC/C町D SP モーP E G lipo s o m e s.
Nystatinc o n centr atio n w as adjustedto 3 リーM h s u α o se s olutio n. The ex cifatio n a nd
emis sion w a v ele ngths were3 18and 425n m, re spe ctively･ n e anis otr op yw as calc ulated
&om thef山o re s cen c e of nystath as des cri bed in Materials a nd m ethods. Va血e sar e m ea n
± s.d. a nd n =3.
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Nexち abs o rpdo n a nd C Dspectr a of nysta血 h lipo s o mes were ex amin edto evaluate
the molecula r state of nystatin･ Bec ause the C Dspectru m of nystath in pho sphate
-
buffered s olutio nis po o rlyreprodu cible, little w ork has been do ne h this area
6779 6)
Abs o rption a nd C Dspectra of nystatinin 9%sucr o ses olution and m etha n ol
are show n in
Fig･ 4
-3･ t he c onc entr atio n ofnystath forthe C Dspe ctralm easurem ents w a sfixed at3
持場 and the abs o rption a nd C Dspe ctr a ofnysta血 in water andin s u cr o se s olutio n were
identical(data n ot show n)･ In the abs orption spectra, thre e nystatin cbnc e ntratio n-
dependentpe aks at3 18, 305a nd 290n m were se en inm ethan ols olutio n
, These can be
assignedto the m o n o meric state of nystatin･ In s.ucro se s olutio n, h addito nto the
mo no mer lC peaks at319a nd 306n m, abr oadpeak at274n m w as observed, du eto the
self-a ss o ciated o r aggregated state of nystatin
96,1 14,1 1 5)
･ h the C Dspe ctr a, tw opo sitive
ba nds at330and 314n m a ndthre enegadve bands at307, 293and 2 83Ⅱm in suc r o se
soludo n a ndfourpo sitiv eba nds at318, 302, 289and 278nm h m ethanols ohltion w ere
observ ed. M 皿1 a ud et al･ reportedthr e ety pes of C Dspectra of nyst血 inpho sphate
-
bufEered s olution , depending o nthe c oncentr atio n s of nystatin andpho sphatebuffer
96)
The 鉦st w as atotany n egative C Dspectru m at concentr atio=IS Of nystatin 1o wertha n15
p･M h 1 0m M pho sphatebuffer s olutio n･ n re enegative bands at323, 307a nd 29 6n m
and a positive ba nd at 27 6n m w erobser ved at higher c oncentr atio n s, whne thre e
positiveb ands at321, 3 05and 2 93n m andthr e e n egativebaJlds at330, 315a nd 27 6n m
w ere obs e rv ed at c o n ce ntr atio n s abo v e250汁Min 1 0 m M pho sphate buffer s olutio n
(this w a s as signedto 也e s upe raggr egated state of nystatin)I Though he C Dspectr a
observed by u sin s u c r o se olutio n w e r ediffer e ntfrom tho se of M i比a ud et al･ , the
differen ce canbe athibutedtothe kinds ofs olutio n, 1･ e･ , electrolytepho sphatebuffer a nd
ho nelectr olyte sucro se s olutio n o r w ater･
A bs o rptio n and C Dspe ctr a of nystatinin lipo s o mes ar eshow n in Fig･
'4-4･ h the
abs o rpdo n spectr a, the po sitio n s ofthe spectral bands were almo st the s a me(323, 307
and 293n m) at e v ery lipidc o mpositio n･ Br o ad andlow er abs orptio n spectra w ere
obser v edh D P PC/C H and D P P C/C H/D SP E-P E G lipo s om es, which can be attributedto
thelow er enc aps thtio n of nystatin(13and 84LLg/mglipid)･ h the C Dspectr a, thre e
po sitivebands at32 4, 309a nd 297n m w ere observedate veryupidc o = IPO Sitio n, butthe
values of AE Were differ e nt. How ever, the C Dspectru m of D P P C/C HのS P E
-P EG
Bpo s om es w as not changed athighen c apsulatio n ofnystatin(160pg/mglipid, datapot
sho w n), indic aEting thatthe lo wer abs o rbance and dich mic abs orptio ncoeffic ent r eflect
reshiction of nystath m obiuty, as show n h Fig･ 4-l and Fig･ 4
-2･ .W a v elengths of
po sitive C D bands of nystatin
-e n c apsula血g upo s o mes at 324o r 309n m w ere
inter mediate betw ee n tho se of nystath in m ethanol(318o r302n m) and insu cr os e
solutio n(330or31 4皿), reSPeCtively･ Co mpared withthe res ults repo rted by M姐aud et
all
,
the CDspe ctral bands ofnystatininthes elipos o mes w er e almo st the s am e astho s e at
c o n centr atio n s above 250pM in 100m M pho sphate buffer s olutio n, i･ e･ the
superaggregatedstate ofnystatin, e x c eptfo rthe negativebr oad ba nd at276Ⅲ n
96)
Fr o mthe resultsin Fig･ 413 and Fig･ 4
-4〉 tw ok in ds of m olec ular states of nystatin,
i･e･ m o n o m eric a nd super aggregated, w ere presentinal1 khds oflipo s o m e sI Butfu rther
hves也gation of the m olecular states ofnystatinin v arious s olutio n sis requir edto anow
qua ntitative ev alu atio n of the state sin 1iposo mes･
These en 00ps ulatio n ch訂 a Cteristic s and
.the m e cha nis m of encaps ulatio n ar eapparently
differ e nt丘o mthose of AmB･ Forexample, AmBis m o re easny inte r a cted with DSP E
-
P E Gand the c o mplex fo r m atio n enha n c esthe e n c aps ulation h lipo s o mes･ On the
co Ⅱtra ry) nystath is m o re easilyin c orpor ated h C H
-free upo s o malm e mbr an ein the
- 43-
presence o r absen
c e of D S P E-P E G･ t hese different physico chemicalpr operties
in nu enc eon theto xicityandtherapeutic efacacy of both drugs hpractic alu ses･
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Fig. 4-3 Circ ular dichr ois m aJld abs o rption spectra of nystatin h m ethanol aJld in 9%
su cr ose s olutio n.
Nystatinc on c entr ation of the s a mple w as adjustedto3u･M inm ethanol(dashed line)orin
9 %suc r o se s olutio n(solid line).
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Fig･ 4-4 Cir culardichrois m a nd abs orptio n spectr a ofnystatin- e ncapsula血glipo s o mes in
9 %sucr o s e s olution .
DPC lipo s o mes (dashed line), D P P C/ H lipo s o mes (dashed and dotted lin e),
D PCn)S P E-P E G lipo s o mes (dotted 血 e), D P P C/ tln)S P E-P E G lipo s o mes (s olid
Ike)･ En甲PS ulated a m o u nts of nystatin in D P P C, D P P C/ H, D P P C/DS P E-P E Ga nd
DPP C/ HのS P E-P E Glipo s o mes w e re 150, 13, 151a nd84LLg/mglipid,
-
respectiv ely.
Nystatin c o n centr atio n of the s a mples w a s adjustedto3トんM .
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4･2･3･ Lipo s o m al stability a nd locatio n of nystatin in nystatin ･
e ncaps tllatinglipo s o mes in vitT
･
O
F hally,1ipo s o malstabilty a nd lo c atio n ofnystatin innystatin- en c aps ula血glipo s om es
were studied in te - s of calceh a nd nysta血 release from nystatin- e nc apsulating
lipo s o mes･ M embrane stabilityof four k h ds of lipo s o m e s on incubatio n wi 也m ouse
plas ma at37
oC w asestim ated by calceinrelease andtheresults w ere sho w ni去Fig･ 4-5a.
DPPC lipo s o mes sho wed the lo west stabiuty in these lipidco mpo sifioriS ･ , hcre ased
calcein rele ase fr o mlipo s o mes by en c aps uh do n ofnystath w a s observed in every 臼pid
compositio nandthehigheststabilityofnysta血 - en c apsulated 臼po s om es w as observed in
DPP CmS P E-P E Gand D PP C/C即 ⊃S P E-P E G lipos o mes(Fig. 4-5b).
Figure 416 sho w sthe nysta血 rele ase pr ofile fr o 皿nySta血 -c o ntainhg upo s o mes in
vi&o･ Bu r st r elease of nystatin w as obse rved with h 5 min afterthe start of in cubadon
,
and there after, nystatinr eleasebecam e v eryslo w atev erylipidc o mposidon ･ jk show n in
Fig･ 4-5b, stabilityof thelipo s omalm e mbrane w as a血 ost s a me, ex cept that of D PC
upo s o mes, butthe relea s eprofiles of nystatin w ere differe nt･ When the e nc aps ulated
am ountof nystatin in D P P C/C Hn)S P E-P E G lipo s o mes w as84LLg/mglipid, the slo west
release profne w as obs e rved･ When the e n c aps ulated am ount of nysta血 h
D PPC/CHDS P E-P E G lipos o m esincre ased in the r a nge of 150-160pg/mg lipid,
ho we v er
,
higher release of nystatin, the am o unt of which w ere almo st s ame to that of
DPP C
,
DP P C/C H a nd D P P C/DS P E-P E Gupo s o m es, w as
L
observed. Ⅵ1eSe results
suggested that enhanced en c aps ulatio n of nystath hdu c ed thelo caliz ation of mysta血
m ole c ules on thesurfa ce regio n of lipo s o m alm embra ne h D P P C/ H, D P PCn)SP E-P E G
and DPPC/C H佃S P E-P E G lipo s o m es1 0n the co ntra ry, ahighrele ase ofnystatin fr o m
DPP C lipos om es with alo w le vel of nyぬ 血 o n 也e l辛po s o m alsu 血 ce, as sbow n 血
Tables4-1 and4-3r e鮎 cts thelo w stabiutyof lipos o mal m e mbr a ne as sho wnin Fig･ 4-
5b･ h te rm s of the stability and rete n也on of nystath hlipo s o mes, D PP C/C H/D S P EI
PE Gw o uldbe the optim u mlipidc o mpo sition.
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Fig･4-5 C alceinrelease profiles fr o mlipo s o m e sin the absen ce(a)orpresen ce(b)
nystath afterinc ubatio nwith ddYm ousepla s m a at37
o C･
of
(也)D P P Clipo s o m es,(◆)D P P C/ H upo s o m es,(A)DP P CDS P EIP E Glipo s o m es,(○)
DP P C/C町D S P E-P E G lipos o mes.
En c aps ulated a m o u nts of nystatin in D P P C, D P P C/ H, D P P CDS P E-P E G and
DPP C/CHDS P E-P E Glipo s o m e s w e re 150, 13, 151and 84ドg/mglipid, respectiv ely･
Lipo s o mes w er epr epa red as de s cribed in Materials a nd Methods by hydr atio nwith 50
mM calc ein/15 0m M s u c r ose/10m M E EP甲 buffer(pH 7. 4). The a m o unt ofcalc血
released w asdete Ⅲ血ed by m ea s u血gthe flu o re s c e n c eite n sityat515n m(excitatio n at
470 -)afterthelipidc o n centr atio n w as ad]
'
ustedto5 柑 血1. V alues are血e an ± s Da nd
n=3
.
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Fig･4-6 Nystatin r elease pr ofLesfr o m nystatin- encaps ula血glipo s o mes afterin cubation
with ddYmouseplas m a at3 7
o
C.
(闇)D PP C lipo s o mes,(令)D P P C/ H lipo s o mes,(A)D P P C/D S P EIP E G lipo s o mes,(㊨)
D PPC/CⅣD S P E-P E G lipo s o 皿 e S.
Enc aps uhted am ounts of nystatin h D P P C, D P P C/ H, D P P CDS P E-P EG and
DPP C/ H/DSPE-P EG lipo s o mes were 150, 13, 151and 84p･g/mglipid, fespectiv ely.
Open cir cles represent DP PC/CfIのS P E-P E G lipo s o mes wi thnystath en c aps ulation of
160pg/mglipid･ Nystatin co nc entratio n ofthe s a mples was adjustedto1 mg血1. Valu es
ar em ea n± S Dand n = 3.
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Chapter V
Comparis on of the Enc apsulated Am o u nts of Polyen e M ac rolide
Antibioticsin Lipos om e s
5.1,Intr oductio n
b the pre vio u s Chapte r, e ncapsulatio n 血 ar a ctedstics and the m echa nis m of
enc apsulatio n of Am Band nystatin in lipo s o m e shav e be en dem onstr ated･ A 皿 B,
which ha shepta ene and myc o s amin egroupsin the structu r e, ha sbe e n used asfirst-line
therapyforinv asiv e a spe rgilo sis and ad ministered intra v en ously
4174 6-48) on the other
hand, nystatin, w hich has tetr ae n e-die n e and myc o sa min e gr oups, has abr o ader
spectru m of actio n than An B･ Ho wever) to xicity pr oblem sha v epre v ented the
pa renter alapplication･ Ev en though, these tw odrtlgS ha ve simila rchemic alstructu r e,
the physic o chemic al property and the ther apeutic efficacy ar e appar ently difEerent･
Therefore, itis ne c es s aryto underst andthe differenc e of intrinsic pr opelties ofthese
drugs, s u ch a sphysic o chemic al pr ope rty, encapsulation characteristic sin the drug
carrie rs a nd the m ode of a ction to lipid m e mbr ane, for the applic atio n as the
pha rm a c e utic alpr odu ctio n･ In this chapte r, e ncapsulated a m o u nts of Am B, nystatin
a nd an othe rpolyene m acr olide a ntibiotics, pl m aricininlipo s o m e s wer e c ompared and
stru ctu r al fa cto rsfo raffectingthedifferen c e ofen c apsulated a m o u nts w ereinve stigated･
Pim a ncn , which has a tetr aene a nd myc o s amine gr o ups, is c o m mer cially available
● ●
pr oducts andha s als obe en usedforthe.treatm ent ofcuta neo u s a nd vaginalc a ndidia ss.
M any studies on the antifungal a ctivity ofpim aricinin vitro a nd in vivo hav ebe en
repo rted
121･ 2 2)
,
butlittle is kno wn about the inte ra ction betw e en pl maricin a nd lip d
m embr a ne o r abo utits en c aps ulatio ninlipo s o mes･ T he en capstlation ofthese drugsin
four kinds of lipo s o m e s w a sex a mined, a nd the m ech anis m sinvolv edin enl1 an Ced
en c aps ulatio n a re discus sed.
- 4 91
5.2. Resllts a nd dis ctlS Sio n
5･2･1･ Encapsll ation ch ar a cteristic s ofpolyen e m a c rolide a ntibiot c sinlipos om es
The stru cttlreS Ofthepolyen em acr olide a ntibiotics u s edhere are sho w nin Fig･ 5-1. It
hasbe en sho w nthat m ole c ularinteractio nbetw e e npolyene m a cr olide a ntibiotics and
DSP E-P E G influ e n c ed on the enhanced en c apsulatio ninlipo s o mes･ Co mparis o n ofthe
ability ofthes edmgstointer a ct with D S P E-P E G is sbo w
･
n in Fig. 5-2. Am B inte ra cts
str o ngly with D S P E-P E G, while nystatininter a cts only w eakly･ W he nthe
linitial drug
toD SP EIP E Gm olar r atioisbelo w2
, pim aricinintefa ctedr e adily with D S P E-P E G.
Figure5- 3sho w sthe effect of theinitiala m o unt ofpolyene m acr olide a ntibiotic s on
the e n c apsulatio nin lipo s o mes･ Enhanced en c aps ulation of Am Bw as obse rved in
D PP CDSP E-P EG a nd D P P C/CfyD S P EIP E Glipo s o mes (Fig･ 5-3a), suggesting the
co ntribution ofthe c omplexfo rm atio nbetw e e n An Band D S P E-P E G(as sho w nin Fig.
5-2)forthe en c apsulatio n･ On the otherha nd, nystatinis e asily e nc apsulated in ster oI-
&eelipos om es eveninthe abse nc e of D S P E-P E G･ E nl1a nCed en c aps ulatio n of nystatin
byin c orpor atio n of D SP E-P E Gw as als o obse rv ed in D P P C/ fyD S P E-P E G lipo s om es
(Fig･ 5-3b),thoughnystatin only w eaklyinter a cts with D S P E-P E G. In e a ch case
,
the
en caps ulated a m o unts w ere decre ased by in c orporatio n of C H in the lipo so mes･
Impr ov ed e n c apsulatio n ofpim aricin w asals o obs e r ved byincorpor atio n of D S P E-P G
inlipo s o mes･ Since pl maricin has a myc o s a mine m oiety in the stru cture, co mplex
fo m ation betw e enpl m aricin and D SP E-P E G is e xpe ctedto co ntri butetothis e nhanced
en c aps ulatio n, asin the c as es of Am Band nystatin･ But the c o ntri bution of c o mplex
form atio n betw een pl maricin and D SP E-P E Gto the e nhan ced en c aps ulatio n in
●
1ipos om e sislo werth anthat of An Bor nystatin･ On the otherha nd, the.enc aps ulated
a m o u nt of plm aricin w asin creased by n c orpor ation of C Hin thes elipos o mes,
suggesting the interactio n betw ee n pim aricin a nd C H(Fig･ 5-3c). It is generaly
c onsidered that large polyen e s, s u ch as AnB and nystatin, tend to inte ract with
ergo sterol, while s m allpolye n es, s u ch asfilipn, tendtointeract with C H
97)
. T hus
,
the
abov e phenom en o n could be ascribed to the s m aller polyene m a cr olide ring Of
pl m aricin.
The en c apsulated a m o u nt ofpim aricin w as s m allertha nthat of Am Bo r nystatin, even
takingthe diffe ren ces of m olecular weightinto c o n sider ation ∴ T he m a)or stru ctu r al
differen c e sbetw e en them are the size ofthe polyen e m a cr olide rlng･ T hese polyehe
m a cr olide a ntibiotics fo m po 托 S O r aggregated stm ctu res in the lipidm e mbr a nes
be c a u s eoftheirpo o r s olubilityin w ater･ Sin ce sm allpolyenes, s u ch a spl m a ricin a nd
filpin, c an n ot r e adily for m stable po res oraggregated structu r eswithin lipo s o mal
m embranes 1
23)
, the siz e ofthe m ole cule should innu e n ce onthe e n c aps ulated a m o unts
inlipos o m es･
Fr om the r e sults
,
itis c o n cluded that the size ofpolyene m a cr olide ring a ndthe
pr e sen ce of myc osamin e m oiety areimporta ntfa cto rsinflu en cing On the en c aps ulatio n
ofthe s edrugs in lipo s o mes･ Interactio nbetw e en the s edrugs a nd D SP E-P E G als o
co ntri butes to the e nha n ced en c aps ulatio n in D SPE- P E G- co ntaining lipo s om es,
e speciallyinthe c ase oflargepolyenes, s u血 asA m B a nd nystatin.
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chapterVI
preparatio n of Am B
- encapstlated P EG Liposo m es by High
･pres sure
恥 m ogenize r:Aimingfo rtheLa rge Scal
eProductio n withoutOrga nic
Solvent
6.I.Intr odtlCtio n
Lipo s o me sha ve be e n used inph
arm a c e uticala nd m edic al fields as c arrie sfo rdrugs
a nd gene ･ T he m ain dis adv antage of lipo s
o mes as adrug carrier is their m arked
ac c u mulatio ninthe R E Safter intra v e no u sadministr atio n
･ How ever, this has be e n
largely o ver c o me by s u rfa ce m odific atio n
of lipo s om es, i･e” by inc o rpo r atmg
a mphipathicP EG deriv ati
vesintothelipo s o mal m e mbrane
25-35)
･ P E G liposo m e sha v e a
longlifetim eintheblo odstrea m
as wellas redu ced a c c u mulatio nin R E Sco mparedto
co n v e Ⅱtio n al lipo s o mes･ Recently, s o m e clini
c altrials us lngP E G lipo s o me sha v ebe en
repoded a nd do xo rubicin
- and da un o rubicin -en c apsulatedlipo s o m al pha r ma c e utic al
produ cts, which is ho wn asD
o xilT M(ca elyx
T M in Eu rope) a nd Da un oXo me
T M
,
respectiv ely' ha ve alr e adyb
e en appr o ved fo rh um an u sein U S Aand Eur op
e
3句
･
on the otherha nd, nu m er ous methodsforlabo r ato ry
-scalelipo s o mepr epar atio nhave
bee n dev eloped, ho wever, indu strial le
v el pr oductio n w as still diffic ult fo r s o me
technic alpr oble m s･ h this sen se, lipo s o m
e pr odu ction witho ut orga nic s olv ents a n
d
thelarge -s c ale pr oductio n of lipo s o m
es with bigb bo mogeniety a ndreduc edsize maybe
an impo rta=t fa cto r for the indu strial
level pr oductio n･ Recently, large
-s cale
pr odu ctio n oflipo s o mes by high
-pre s sure ho m ogenizer hasbe e n
dem o n shated l u)
sev er al kind of high-pres s u r eho m ogeniz er s s uch a s Fren ch P
ressure Celll
恕)
,
Micr ofluido zer
12612刀
,
jWV Ho m ogenizer
124･12 8) tu r ned out to be u sefulto ols fo rthe
lipo s o m eprepar atio n withgo od lam
ellarity, size a nd m o n odispersity ofthelipo s o m
es･
Eo m oge niz atio n c a u ses
' 'fo r ced lipd hydr atio n
, ,
a nd c a nends up within o ne single step
124･皿8) Fo re x a mple) prepared lipo s o mes) which
w ere c o mpo s ed ofsoyle cithin s o r
hydr oge n ateds oyle cithins a nd C H, w
ere ho m ogen e ous and sho w ed a m o n odispers
ed
a ndredu ced size distributio n(m e a n size <50n m)
124)
h this chapter, optim u mprepa r atio n method of P E Gl
ipo s o me by u sing A V E S TIN
Em ulsiFlex
T ”
- B 3 highーPr eS Sure ho m ogenizer w asinvestigated･ En c apsulatio n of An B,
which is n ot s olublein w ater and m o st ofthe o rga nic s olv ents, in PE G lipo s o m
es by
us mghigh-pres s u reho m oge nizer without o rga nic s olv ents was als o
tried bythre ekind
of m ethods. h the applicatio n ofthiste chnique to the prepa r ati
o n of P E G-1ipo s o me,
in c o rpo r atio n of C Hand D S P E
-P EG a rises a sthe seriouspr oblem sto o v er c o me ･ Fo r
this pu rpo s e, polyoldilutio n m etho
d which w as repo rted by Ki kuchiet all
1 29 J3 0) a nd
po st- m odi丘c atio n method of D S P E
-P E G byinc ubatio n with pre
-fo r med lipos o mes,
which w as a m odified m ethodr epo rted byUster et all
13 1)
,
w er eperfo r med, r espectively,
fo rthehighin c orpo ratio nof C Ha nd DS P E
-P E G･
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6.2. Re s ults
6･2･1･ P hysic ochemicalpr opertie s a nd biodistribtltion of P E G lipo s o mes pr ep ar ed
byhigh-pr e ss ur eho m ogenizer
h this experim e nt, eggP C/C HのS P E-P E Glipo s o mes(2/1/0.1 9, 皿 01/m ol) and 9 %
su cr ose olutio n a s a s olve nt w ere u sed
,
bec ausethe Tc ofeggP C lipos om es-isthe very
low (-15
oC)I Itis ge n erally a c ceptedthat the inc orpo r atio n of C Ha Jl@ D S P E-P E G
c o ntributestothe stabiliz ation ofthelipo s om al m embr ane and lo ng- cir culafunpr ope rty
inblo od
,
respectiv ely･ Be cause ofthe difficulty ofthete mperature c o ntr ol inthe c o re
of出s equlpm e nt, pre - W aⅡn eds a mples abov eTc w ereprepared beforebo m oge niz atio n･
Ho m ogeniz atio n was perfo rmed 5- 10tim es withthe pres sure of 1 40M Pa which w as
en o ughtoprepare the s m allsize oflipos om es as reported byBrandletal.124･128)
A co nv entio n alprepa r atio n m ethod of lipo s om es byhigh-pressur eho m ogenizer w as
introdu ced as M ethodl･ h th is prepar atio n method, 1ipids wer evlgO r OuSly v ortexing
with 9 %s u cr o se s olutio nin boiled w aterbefore 血o m ogeniz atio n･ b c olpO rated a m ounts
of C Ha nd D S P E-P E G inlipo s om esprepared by Method1a re show ninTable 6-1. The
decrea se of blo odresiden c e a nd highac cu mulatio ninliver are ea silyspeculated inP E G
lipo s o mes pr eparedby Method 1, be c a use ofthelo wincorpo r atio n of C Ea nd D S P E-
P E Ginlipo s o mes･ T herefo rel thein v estigatio n of blo od cle arance a nd biodistributio n of
P E G-1ipo s o mes w e r efoc used on tho seprepared by M ethod2.a nd 3･
Fo rthe highinco rpo r atio n of C H,pr epar atio n of P E G lipo s o m e s withpolyolm ethod
reportedby Ki ku chiet all
12 9･13 0)
w as c arriedo ut(Method 2). In polyolm ethod, glyc e r ol
o rpropylene glycolare usedin ste ad ofsu cr o se . C Ha ndpolyols w ere atfirst miⅩed
and v o rtexed at120- 140o C･ Ne xt
,
otherlipids were added a nd mixed at60- 80
o C a nd
D D W w a s added･ Finally, this pr e-s ample w as pas sed thr ough high-pres s ure
ho m ogenizer to make alipo s om al for mulatio n･ h c o rporated a m ounts of C Ha nd
D S P E-P E G in lipo s om esprepared by M e也 od 2are als o sho w ninTable6-1･ Lipo s o mes
werelabeled with3H - C ⅡEand biodistributio n甲aS m e as u r ed at6h afterin3
･
e ctio nvia the
tailv ain wi th10 mglipid佃gbody･ P E G lipo s o m e s w ere als oprepared by hydr atio n
m ethod and allthe s amples werefin ally extrudedthr o ugh0.1 p polycarbo n atefilterfo r
c o mpa ris o n･ As s血o wn in Table 6-1 a nd Fig･ 6-1, inco rpo r ated r atio of C H by usl ng
glyc e r ol andpr opyleneglyc olw as92and 100%)r e spectiv elya nd a c cu m ulatio n of P E G
lipo s o me in liv er w a sde cre ased by u s lng Pr OP ylene glyc ol･ Ki ku chiet all reported
thathighmis cibility of CH with lipids w as obtained by m lX lng With polyols at high
temperatu re
12印30)
･ Evenin the c as eof ho m ogeniz ation , highin c orporatio n of C Hw as
obtained by polyol m ethod･ But the impr oved lev el of biodistribution especially by
usi ngpr Opylen eglyc olw a s n ote n o ughto re a chthele v elprepar ed bybydr atio nm ethod.
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Table 6-1 In c orpo r ated am o unt of C Hand D S P E-P E G in eggP C/C HのS P E-P EG
lipo s o mespreparedbyho m ogeniz atio n o rin cubatio nat70
o C fo r3h.
M ehod a)
加 盟
Me也od 1
eggP C/C HげE G
Me也od 2
eggP C/C HGE G
hom ogenizadon
M olar ra点o
m ol血o1
■■■■■ ■■ ■■t ■■血■ 叫 ■ll■■叫■
2/1/0.1 9
Solvent In 00rpo r ateda m ount(%)
C H D SP E_P E G
■l 叫
11 509 %su ∝ os e
2/1/0.19
2/1/0.19
2/1/0.19
2/1/0.09
2/1/0.0 9
2/1/0.09
Me也od 3
eggP C/C H
＋DSP E-P E G
incuba丘o n
9 %su cr o s e
3% glyc ero1
3 %pr opyle n eglycol
9% su cro se
3 %glycero1
3% p ro T) Vle n e glv c ol
82 58
92 78
100 82
98 83
98 83
98 93
a)Lipo s om es w ereprepar ed asdes cri bed inMaterials aJld Methods.
80
60
ら)
眉 40
ち-■
O
de
20
0
撹 9%s u cr o se
冠 3%glyc e r oI
E] 3%propyleneglyc ol
口 9%s u cr ose
,
bydratio n me也od
J
Blood
I J
Liv er Spleen
Tis sues
Fig･ 6-1 Biodistri bution of eggP C/C町D S P E-P E Glipo s o mes(2/1/0.19, m ol/m olinitial
m olar r atio)prepa red by M ethod 2at6hafterinjectio n.
P E Glipo s o m e s wer elabeled with
3HI C H Eandho m oge niz atio nw asperfo m ed 5tim e s
at140 M Pa･ Al lthe s a mple s were extrudedthr o ughpolyca rbo n ate filter(100n m)
befo rehjectio n.
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Ne xt, forthe bigh inco rpo r ation of D S P E-P E G, prepar atio n of P E G lipo s o m e s with
high a m o unt of D S P E
-P E Gadditio n o rwithinsertion of D SP E-P E Gto eggP C/C H
lipo s o mes byin c ubatio n, which w asa m odified m ethod repo rted by Uster et al･
13 1)
(M ethod 3)w a s c arried o ut･ As show nin Fig. 6-2, biodistributioninblo oddecr eased
with in cre ased additon of D S P E-P EG(10m ol%). Sin ce mixed o rD S P E-P EG micelle
fo -atio n w a s repo rted inthe cas e of P E Glipo s o me preparatio n with higha mo unt of
DSP モーP E G, this results m ay re 鮎 ct th is phen o men on
lOO･13 2) on the other hand,
insertio n ofDSP E-P E Gtopre-fo rm ed eggP C/CH lipos o m e sbyin cubatio n(耶ethod 3)
e nhanc ed the incorpo r atio n of D S P E-P E G in lipo s om es (Table 6-1) and the
biodistributio ninblo od(Fig･ 6-2)･ Co mpa ring withthatprepared byhydr ation m ethod,
tho ughthe a?cu m ulation of the incubated s a mple in liv er w as still litte higher,
biodistribution w as apparentlyimpr ov ed. Forthein c o rpo r atio n of D S P E-P E Gtothe
lipos om al m embr anes, D SP E-P E Gmicellarfo rm, which hav e a critic al micelle
c o n ce ntr atio n of les stha n20トIM, plays animpo rta ntr olefo rthepartitio nfr o mmic elle
tolipidm embr a ne
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Fig･ 6-2 Biodistri butio n of P E G lipo s o m e s at6h afte rinjectio ntoimpr ov ethe D S P E-
P EG in c o rporatio n･
P E G lipo s o m e s were c o mpo s ed ofeggP C/C H(2/1, m ol/m ol)with 3(Method 3),6 o r10
m ol%(Method 2) of D S P E-P E Ga nd labeledL With
3H - CH E in19% s u c r os e s oltltio n.
Ho m ogeniz atio n w asperfor m ed 5tim e s at140 M Pa･ Al the s amples were e xtruded
thr o ughpolycarbQn atefilter(1 00n m)befo r einjectio n.
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Thes e results indicated that prepar atio n of P E G lipo s o mes thr oughhigh-pres s u re
ho mogeniz e rby using polyols, especially,pr opyle n eglyc ol(Method 2)orinc o rporatio n
ofD S P E- P E G in pre -fo r m ed lipo s om es(M ethod 3)should be requiredto obtain the
sa melevelofbiodistri butio ndatatothatpreparedbyhydr atio n method･
6･2･2･ Preparetio n of AmB･e ncaps ulated P E G lipo s o m e sby high･pres s u r e
ho moge niz e r
Based o nthe prepa r atio n methods as de s cdbed abov e, en caps ロ1atio n of Am B w a s
出ed･ Be c ause ofthe po or s olubility in w ate r a nd mast of orga nic s olv ents, itis
diffic ult to en c apsulate Am B in lipos om es ev en by usi ng O rganic s olv ents･ So, the
hter a ctio n of Am Bwith D S P E-P Gw ould bethe keyfor the enha n ced e ncaps ulation
of AmB inlipo s o mes.
Enc aps ulated a m o unts of Am B in P E G lipo s om es bythre ekinds of m ethods w ere
su Ⅱ 皿ariz edin Table ･6-2･ In addito ntothe prepar atio n m ethods asdes cri bed abov e,
te mperatu re co ntr olfo rthe miⅩing of An B(at m ost 70
o C) w as do ne to av oidthe
fo r m atio n of polym eric fo - of An B･ In additio nto eggP C lipo s om es, D P P C
lipo s o m e s wer e als o u s ed･ W e cha ngethe n u mber ofpas sthr o ughthehom ogenizer as
10t也esto obtainthe stablein c o rpo r atio n of A皿 B in m e mbr anes andbo m oge niety of
the size･ AmB w as n ot en c aps ulated whenlipo s o m esw ere prepar ed by only m lX l ng Of
An Bat high te mper ature by using 9% su cr o s? s olutio n(M.ethod 1)･ By using
propyle n eglyc ol, how ever, enc apsulated a monnts of AmB w ere drastic allyincre ased,
depending o nthe initial am ounts of Am B(m ethod 2). But e n capsulated am ounts of
･ An Bsho wed lo wer valu es tha n tho s eprepa red by m ethod 2, when pre-fo r med
lipo s o mes were in c ubated with Am B- D S P E-P E Gs olutio n(m ethod 3). T hese 子esults
indicatedthat en c aps ulated a m o u nts of Am Bpreparedbyhigh-pr essure ho m ogeniz er
were impr o ved by u s ing Pr OPylene glycol in ste ad of suc r o se･ De crea sed
en c aps ulatio n of AnB byu s lng AmB- D SP E-P E Gs olution m ay c o rrespo ndtothelo wer
miscibility of Am B- D SI
'E-P E G in lipo s o mes･ En c apsulated a m o u nts of A皿 B in
D PP C lipo s o m e s als o sho w ed highv alu esinthese experim ents. W e didn ot e x amined
D PP Clipo s o mespr epar ed by血ig壬1-pre s s u r ebo m ogenizerindetail,be c a u s eTc of D P P C
lipo s o m esi relatively high(41
oC). Thoughthe e n c apsulated am o u nts of An Bin
也es elipo s o mes w e r e a ctu allylo w, c o mparl ng Withthos epr epared bybydr atio n m ethod,
tho se am o unts w ould be en ough to apply to the other experim ents, such as
biodistri bution orther apeutic experim ents･
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Table6-2 En caps ulated am ount of AmBin P E G lipo s o mes pr epared byhighpressure
ho m ogeniz er.
M e也odsa) b itial m ola rr atio
臼巳追 出
M e也od 1
eggP C/C HGE G/Am B 2/1/0.1 9/0.3 8
D PP C/ Hn)E G仏 皿 B 2/1/0.1 9/0 3 8
M ethod 2
eg gP C/C HPE G/A mB 2/1/0.19/0.3 8
D PPC/CH/P E G/AmB 2/1/0.19/0 3 8
M ethod 3
eg gP C/C H＋PEG- Am B2/1/0.09/0.38
D PPC/CE＋P E G- AmB 2/1/0.09/0.3 8
En capstlated a m o u ntb)Siz e
出 藍
6.3(3･0) 107
3･8(4･8) 97
40･6(18.3) 116
42.1(13.7) 155
31.2(6.0) 149(134C))
27.0(13.21 157 (148C)i
a)A mB- en c apsulated PEGlipo s om es were prepared asdes cribed intext･
b)En c aps ulated am ounts of An B in eggP Ca nd D PP C/C HGE G lipo s om es
(2/1/0･1 9/0･38, m ol/m ol)preparedbyhydration m ethod w ere73a nd 1 1
LLg/mg lipid, respectiv ely.
c)particle size of the eg gP Co rD PP C/ H lipo s o m esbefo r ein c ubatio n.
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6.3. Dis ctlS Sio n
Forthe applic ation ofthese preparatio n methodsin phar m a ceuticalpr odu ction, s om e
technicalproblem s stillremain asthe follow mg points: tem perature c o ntr ol ofthe
equlpm entS, Prepar ation w
･itb otherlipids a ndlarge-s c alepr oduction of P E G lipos o mes･
Temperature c ontr olsho uldbe required forthe preparatio nwith highmiscibility ofthe
lipids･ For example, to prepare diste a roylpho sphatidylcholine lipo s o mes, which
sho w shigher Tc(55oC) and fo rm s m ore stable lipidm embr a ne tha n eggP C, the
instru ments should be heatedto 60o C･ W e w ere n ot ableto c o ntr olthetemper ature
preciselyin the se experim e nts, ho we v er, high-pressure hom oge nizers equlP ped with
ther m o-c ontr oller and extruderfo rthelarge-s c ale pr oductionhav ebe endeveloped and
m o stO㌣血etec血 ologicalpr oblem s will be s olved byu slng 也e m ･
Fu r[he r study sho uld be fo cused o n the en c aps ulatio n of other drugs in P E G
lipos o mes･ En capsulatio n of hydr ophilic drugs in bare lipo s o m es by high-pr es sur e
ho m ogeniz erha sbee nrepo rted bys o m er esear chers
124-128)
a ndthis c o uldbe a chievedby
PE G lipo s o m e sin these prepa r atio n m ethods･ En caps ulatio n of hydr ophobicdrugsin
lipo s o mes, ho wever, is restricted by the htrin sic physic o chemic alpr operties ofthe
drugs･ Enh an ced e n c aps ulatio n w o uld be obser vedin a mphiphatic drugs su ch a s
do x o rubicin and da u n orubicin
,
which w er e e n c aps ulatedin lipo s o m esby a m m o nium
s ulfate o rpH -gr adient m ethoda nd othe rpolyene m a cr olide a ntibiotics, su ch as nystatin,
whichw ere ea sily e n caps ulated inlipo s o mesbythepresen ce of D S PE-P E G.
h c o n chsio n
, prepar atio n of P E Glipo s o mesby usinghigh-pres s ur eho m ogenizer a nd
●
e n acps山atio n of Am B in P E Glipo s o mes vitbo ut o rganic s olv ent ha ve been
dem o n str ated in this study･ In c ubatio n of eggP C/C H lipo s o me prepa red by
hom ogeniz atio n with D S P E-P E Gs olutio n o rprepar atio n of P
･
E G lipo s om es by using
polyols, e specially,pr op ylen eglycolisthe m o st optim u m m ethod forthe pr epar atio n of
PE Glipo s o mes by high-pr e s s u re hom oge nizer a nd encaps ulation of An B in P EG
lipo s om es ･ Polyol m ethod c o ntri butes n ot only to the higher (alm o st l OO%)
incorpo r atio n of C H inlipo s o mal m embr a n e, butals･othe highin c orporatio n of D S P E-
PE G
, which attributes to obtain the m ode r atele v el of biodistributio n. Incubatio n of
pre-for m ed lipo s o m epr epar ed by ho m oge niz atio n with D SP E- Gs olutio n als o
sho wed highlev elof biodistri butio n.
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ConcltlSion s
The m ain them e ofthisthesisisto char a cterizethe e ncapsulatio neffic a cy ofpolyen e
m acr olide antibiotic sin lipo s o mes a ndto elucidate the m echanis m of e nc apsulation･
These w e rein v estigated in Chapte rIto V and the applic atio nfor pha r m a ceutical
produ ction as afurthe rdirection ofthis study w a sfinallydem o n stratedin Chapt_
erVI･
Encapsulation cha r a cteristics of Am B in P E G lipo s o m e s w asinv estigated･in C hapter
I･ Solutionsforhydr atio n, m olec ular weighta nd inc o rpo.r ated a m ounts of D S P E-P E G in
lipo s o mes wouldbe animportantfa ctors affectingthe enc apsulatio neffic e ncy of An B
inPEG lipo s om es･ Highly effic ent en c apsulatio n ofAm B in D P P C/ H lipo s o mes w a s
achieved by u s ing D S P E-P E G･ T herefore, m ole c ularintera ction betw e en Am Band
D S PE-P E Gw ere speculated, andthat w as c onfi- ed bythe chlorofor m/w aterpa rtitio n
m ethod
,
and by abs o rption a nd
Sip-N M Rspectr al analyses･ The m olec ula rinter a ction
als o appearstoin v olveinter a ctio n sbetw e en amin o a ndpho sphate gr o ups a nd betw e en
polyene a nd P E Gm oieties in An Ba nd D SP E-P E Gm olecules
,
I?spectively. T his
simple a nd efEcie nt enc aps ulation m ethod u sing D S P E-P E Gshould als obe applic able
to prepa rein5e ctable fo - ulatio n of hydr ophobic drugs, which has not be en usedin
therapybec a u se of its seve r e side effects.
Mechanis m ofthe encaps ulation of AnB in lipo s o mes w a s studied in C hapterII･
M olecularlo c aliz atio n and state of An B in the three kinds of lipo s om al m embr a nes
w erein v e stigated･ The stru ctu re of An B- encaps ulatinglipo s o mesis a sfollo w s. In
Am B- en c aps ulated D P P Clipo s o mes, An Bis located in the c ore ofthe m embr a n e.
Ho weve r
,
the e n capsulated am o unt of AnB in D P P C lipo s om es is lo w. In
DP P CDS P E-P E G lipo s o m e s, An B islo catedin the c o re and on the s u rfa ce ofthe
m embr an e･ D P P CmS PE-P E G lipo s o mes sho wed the highest le v els of AnB
en c apsulatio n, rene ctingthe m ole cula rinte ra ctio nbetw een Am Band D SP E-P E G. h
DPP C/CfI/D S P E-PE G lipo s o mes, An B is als olocated inthe Core a nd o nthe su rface ｡f
the m embr a n e
,
asin the c ase of D P P CDSP E-P E G lipos o mes･ Fr o mthe results of
nu ores cen ce qu enching, the lo wer e n c aps ulatio n effica cy in D P P C/ HのS PE-P E G
lipo so mes, c o mpared with that of D PP C/D S P E-P E Glipo s o mes, re 鮎 cts the Am B
lo caliz atio ninthe c o re ofthe m embr aJle ･ Asthe mode of inter a ctio nbetw e en Am B
a nd D SP EIP E G
,
m o n o meric and aggr egated state s of An Bw ere obs e rved by C D
spectral In any c as e, m olec ularinte r a ctio nbetw e en Am Ba nd D SP E-P E Gplays a n
impo rta ntr oleinthehighe n c apsulatio n of Am B･ Fr om the viewpointofthe stability
dfthelipo s o mes a nd e n c aps ulation of Am B, D P P C/ 町 D SP EIP E G lipo s o mes appea rto
bethebe st c arier of An B fo rther ape uticpu rpo ses･
b C hapte rIII, en c aps ulatio n cbar a ctedstics of 皿 Otbe rpolyene a ntibiotics, nystatin
inlipos o m e s w asex amined and co mpared withtho se of AnB･ Nystatinha sa similar
stru ctu re to An B
,
but these drugs sho w ed a different to xicity a ndthe r apeutic effica cy･
As forthe en c aps ulation chara cteristics of nystatin, highen c aps ulatio n effica cy w as
obtained in C H-fre e P E G lipos o m e s･ In C H- c ontaining lipo s o mes, enh an ced
en c aps ulatio n w a s obtained byinco rpo ratio n of D S P E-P E Goflow m olec ular weight.
Molec ularinter a ction betw een nystatin and D S P E-P E Gappearstoin v olv einteraction
of the amin ogroup of nystatin with the pho sphate gr o up of D SPE-P E G, which m ay
re s ultin s olubiliz atio n of nystatininthelipo s o m al m embr a n e･ Co mpa -g with An B,
●
nystatin m or e readily a ss o ciates withster ol-freelipid m embr anes, while An Bm o re
readilyintera cts with D S P E-P E G. T herefore, thes ediffer e nt as sociatio n s of An Bor
nystatin with l享pids o rD S P E-P E Gplay a n impo rtant factor to dete rmine the
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en caps ulatio n characteristics･
MechaJlis m of nystatin e nc apsulation in lipo s o mes w as evaluated by ex a m n mgthe
stabnitya nd m olecularstates ofnystatin info
urkinds oflipo s o mes a s sho wnin C hapter
IV. Po s sible en c apsulatio n me ch anis m s of nystatininlipo s o m
es narr ow ed do wnto the
follow mgthree points;inter a ctio n with lipd m embr a n e, a
ds orptio n o nthe lipo s o m al
surfa c eand m olecularinter a ctio n with D SP E
- E G･ As forthe inte r a ctio n withlipid
m embrane, nystatin molec nles are self
Jas s ociated a nd in c o rpo r ated in lipidm embr a ne
byhydrophobic in
ter a ctio n 94
-96711 4711g
･ M e chanis m s of loc aliz ation of nystatin in the
su rfa ce regl O n Ofthelipo s o malm embranein clude ads o rp
tio n o rinter actio nw立h D S P モー
PE G. Nystatin bindingto pre
-fo r med lipo s o mes hasbe en dem onstr ated e v e nin the
abse n c e Of D S P E-P E G
9句
･ sin ce s m allam ounts ofnystatin m olecules arelo cated atthe
su血 ce of D PPC lipo s om es, wbicb w asin vestigated by 伽 or
esc e nce qu en 血 ng
m eas ure m ents, ads o rptio n of nystatin o nthe lipo s o m al m embr a
n e m ay o c cur
indepe nde ntly of lip dc o mpositio n･ hc o rpo r atio n of
D S P E-P E G
,
which inter a cts wi th
nystatin, als oc ontributestothe ads o rp
tio n ofnystatin o nthe m e mbr a ne surfa ce andthe
res ultinghigh enc aps ulatio n･ The m olecular states of ny
statin studied by C Dspectr a
w er e alm o st sam e ･ High e n c apsulatio n effic a cy w as observed in
D PP Cand
D PP CDSP E- P E Glipo s o mes, but the highest stability a nd retentio n of nystatin in
lipos o mes were obse rved in D P P C/ ty
D SP E-P E G lipo s o mes, evalu ated interm s ofthe
nystatin a nd c alcein r elea sefr o mnystatin
- en c aps ulatinglipo s o mesin vitr o･
王fEect ofthe chemicalstructure o nthe encapsulatio n characteristics w a sin v estigat
ed
in Chapte rV by c o mparing With the en c aps
ulated am o unts▲of Am B, nystatin and
pl m aricin･ Siz e ofthe polyene m a c r olide rl
ng andthe presen ce ofthe mycos amin e
●
m oiety a re impo rta nt factor sfo rthe enc?psulatio n of
these drugs in lipo s o m es･
Inter a ctio n betw een the se drugs a nd D SP E
-P E G als o c o ntributes to the enhanced
en c aps ulatio nin D S P E
-P EG- c o ntaining lipos o mes, e specialy in the c as e･of large
polyen e s, such a sAm B a nd nystatin･
Fin ally' ? n o velprepa r ation m ethod of Am
B- en c apsulated P EG lipo s o mes byhigh
-
pressureho m ogeniz er without o rga nic s ol
veⅡt w astried in Chapter V I, aim ingforthe
phar ma c e utic al pr odu ctio n as afurther
dir e ctio n of this study･ h c ubatio n of
eggp c/c H lipo s o m epr epared by ho m og
eniz atio n with DS P E-P E Gs olution or
preparatio nof P E G
-1ipo s om esby u si ng POlyols, especially,pr opyleneglyc oli
sthe mo st
optim u mm ethod forthe prepa r atio n of PE G lipo s o m e sby
high-pres?u re ho m ogenizer･
polyolm ethod c o ntri bute s not onlytoth
ehigher(almo stl oo鞄)in c o rpo ratio n ofC H in
lipo s o m alm embr an e, but als othe highinc orpo r atio n of DS P E
-P E G
,
which attributesto
,obtain the m oderate le v el of biodistributio n･ Incubatio n of pre
-form ed lipo s o me
prepared byho m ogeniz atio n with D S P E
-P Gs olutio n also sho wed highle v el of blo od
residen c e. Next
,
enc apsulatio n of Am B in P E Glipo s o mes
w as perfor med by
ho m oge niz atio n･ M a nyteclm ic alpr oble m s stillrem
ain
,
butrelativ ely go od en c aps ulated
am o unts of AnB w ere obtained byus ing Pr OPyleneglycol･
Fu r[her study sho uld be fo c u sed o n the en c apsulatio n of oth
er drugs in P E G
lipo s o mes. En c apsulatio n of hydr ophilic drugsin b
are lipo s o m e sby high-pres s u re
hom ogeniz erhasbeen repo rted bys o me re s e a r chers
124-12 S) andthis c o uld be achievedin
PE G lipos o mes by us lng the se prepar ation m ethods･ E
n c apsulatio n of hydr ophobic
drugsinlipo s o mes, ho we v er,is restricted bythei=trin s
icphysic o chemic alpr ope rties of
the drugs･ Enha n ced enc aps ulatio n wo uld be obser v edin
a mphiphatic
■drugs s u ch a s
do x o rubicin a nd da un o rubicin, which w er e e n c aps ulated inlipo s o mes by am mmiu m
s ulfate orpE -gradient m ethod･ It w ould be als o observed in otherp
olyene m a cr olide
a ntibiotics and hydr ophobic drugs, which hav e speciBc fun ctio nalgr
o ups, s u ch as
polye ne and amin ogr o up' a nd are e n c aps ulated inlipos o mesbyin
ter a ctio n with D S P E-
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PE G.
The autho rbelievesthatpr eparatio n of drug- en c aps ulated lipo s o mes as des cribedin
thisthesis is simple, e a sy and applic able fo r m a ny hydr ophobic drugs with specific
fu nctional gr oups･ Fu rther m ore･ lipos o m al fo mulatio n s of thes e drugs ehable theノ
addit on of fun ctio nality, su ch a stargetability･ h te rm s ofthe phar mace utic al design,
studies dem o n strated illthis thesis shouldgi ve uS the usefu l info r matio nfo rthe
de v elopm ent of injectable pha rm a ce utical do s age fo r m s of hydr ophobic dr ugs with
reducedto xicityand hightherape utic efficacy.
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Mate rials and Methods
1. M aterials
AmB w a skindly do n ated by B ristoトMyersSquibb P ha m aceudc nl Resea r ch
■
(Tokyo,
Japan)･ Nystatin w aspur chased fr o mW ako Pure Chemicals(Os aka, Japan) and used
wi thoutfurther puriBcatio n. C H,
3H - C H a nd 3H -cholesteryl-he x adecylether(
3H - CfIE)
werepu r cha s edfr o mW ako Pu re Chemicals(Os aka, Japa n)a nd New Engla nd Nucle ar
Japa n (Tokyo, Japa n), respectiv ely･ Dipahn立oylpho sbhatidylcholine (D PP C),
distea r oylpho sphatidylethan o1 血 e (D S P E), distear oylpho sphaddic a cid (D SP A),
mo n o metho xy polyethylene glyc olsuc cinimidylsuc cinate(P E G- O Su) with an av erage
molecular weightof 1000(1 K), 2000(2 K)or 5000(5 K)d alto n s, a nd otherlipids and
P E G deriv adv esw ere kindly pr o vided by N ippo n O 丑and Pats c orpo radon (Tokyo,
Japan)･ Asfluo res ce nce m e asurem e nts, 1,6- Diphenyl-1,3,5-hex atriene(D P H)a nd 1-[4-
(trimethylam ho)phenyl]-6-phenylhex a-1,3,5-trien e(tm aD P H) w er e pu r chased fro m
Nac ali Te squ e(Kyoto, Japa n)a=1d Dojin(Ku m a m oto, Japa n), respecdvely･ Flu ores cent
pr obes, 8-hydr o xyp yrene
-1
,
3
,
6- dsulfmic acidbyranh e)tlSed a s
.
a pH indic ator, 1
-
hex adec aJI Oyl-2-(1-p yre n edec an oyl)-s n-glycer o-3-pho sphoethanola m me (Pyr-P E) used
to qu a ndfy D S P E-P E G in c orpo r ated a m o unts and p
-Ⅹylen e-bis-pyrid h iu m br omi de
(DP X)u sed a s a?u e n cher were obtahed fr o mMolecula rPr obes, hc･ (O R, U S A)･ Fo r
thepa rtido nexper -ents, P E G wi than average m olemlar w eightof 8000a nd dextr anT-
500w erefr om Sigm a(M O, U S A) and P har m aciaBiotech(Tokyo, Japan), respectively･
O ther chemicals u sed w ere ofreagentgr ade. D S P E-P E G(Pyr-P E-P E G)w a s synthesized
a c c ordingto the repo rted m ethod
98)
I
2. Methods
2.1.1. Synthe sis of AmB de riv ativ e s
AmB deriv atives
,
N - a cetyl- amphoterich B(AcrA mB)a nda mphotericin B 皿 ethylester
(AM E)w ere synthesized as repo rted by Mech 血skiand Schafher
10 2)
･ Ac- AmB‥ An B
g)w as dis s olved withstirringinl O 血of D M S Oatr o o mtemperatu re a nd diluted with
(1
10
miof abs olute m ethanol. n e Ⅲ汝山re, c ontaining partianyprecipi払ted antibiotic, w as
c o oled o nice a nd O･12 g ofa cedc a nhydri de w as added stepwise during lO min wi th
st血ing･ A fter afurther 1 0m ln, the pr odu ct w a sis olated by pr e cipitatio nin 100 miof
a nhydr o u sethyl ether, follo w ed by c entri fugadon a=1d w a shing with ethyl ether･ A M 五:
A mB(1g)w asdis s olv ed in 10mlof D M S Oatr o o mtem per atu re and diluted wi th 1ml
ofabs olute m ethan ol. T he s olutio n was c o oled o niceto 6
o
C
,
then treated with 7 miof
dia z o methane reage nt(prepa r ed hthe us u al w ayfro m Dia zald(R) (N - m ethyl-N - nitr o s o-
p-tolu enesulfo n amide))for1 mh: A fter the esterificatio n w as c o mpleted, the pr odu ct
w asis olated by pr e cipitatio n ln2 00 miof a nhydr ous ethyl ether follo wed by
centri fugatio n and w a sh 血g with ethyl ether･ Co mpledo n of bothr e actio n s was checked
byT i c. (Silic agel Gphte20Ⅹ 20αn; chlor ofわr m/m ethan ol/0･ 025 ･M bo r ate buffer,
pH 8.3(2J2/1 v/v, low erphase))･ T hepurityw a s abo ve 95%, as es 血 ated by N M R
Ⅱ1eaSurem ent.
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2･1･2･ Pr ep ar atio n of Am B･ en c aps tliated P E G lipo s o m e s
Thelipidco mposition of AmB-P E Glipo s o m esw as D PP C/C E(2/1 m olar r ado)with 6
m ol% of D S P E-P E G 2 K･ AmB and D S P E-P E G(2/1 m olar r atio) w ere dis s olved in
metha n oland chlo r oform , respectively, andthe s olutio n s w ere miⅩed･ 1もen a s olution
of DP P Cand C王ih chlo r ofo r m w asdded andthe whole w as e vaporatedto m ake alipid
fihn･ Thelipid点1m was hydrated bv vortex Ⅱ Ⅲ mgin 9% s u cr o se, a ndthe mixture was
&o zen 皿 dtha wed 4tim es･ Lipo s o mes we re extr udedthr o ughaNuclepo re polyca Tbo n ate
m e mbra ne of O･ 4, 0･2 andO･ 1 岬 PO re
.
Size(恥 clepo re Co･ , C A, U SA)resul 血g inan
av erageparticle size of 110- 130n m , as m e as u red bydynamiclights c attering(E L S 800,
Ots ukaEle ctr o nicsCol , Tokyo)･ Mo st ofthefre edrug w as r em ov ed bythis pr o cedure.
The extruded AmB-P E G lipos o mes were als o centrifuged at200, 0 0Ⅹ gfo r1 5min to
sepa rate R o n
- entr apped drug inter a c血g wi也 D S P E- P E Ga nd to c onc e ntr ate the
lipo s om es ･ Prepared lipo s om es a r ela rge unilam ellar vesicle sh which P E Gchahs are
loc ated o nbothsides of thelipo s om al m embr a ne･ T hepho spholipidc o n centr atio n was
deter mhed by pho sphate as s ay, and the A mB c o n centratio n s were m eastlr ed
spe ctrophoto m etrical1y at4 05n m in m ethanol･ n e enc apsulated a m o u nt of An Bw as
usu ally e甲 reS Sed asthe w eightr atio ofthe drugtolipid(equivalenta m o u nt of D P P Ca nd
C H).
2･1･3･ Stab ility of Am B - P E G lipo s o m e sill Vitr o
Stabutyof AmB-P E G upo s o mesin vitTV W ase tim ated by the exte nt of AmB r ele ase
缶o mlipo s o mes･ Prepared An B-P E G lipos o mes w er ed丑uted with 9% s ucr o s e s olutio n
to adjust the A mB c oncentrado ntoO･2 mg/ml･ A O･1 mlaliqu ofofthe s ample w as added
to l miof dd Ym ouse plas ma and hcubated at 37
o
C･ A f[er the desired period of
in cubatio n) a O･1 ml aliqu ot ofthe sample w as c ollected, diluted with O･ 9 ml of
phosphate-buffered saline a nd centrifuged at 200, 00Ⅹ gfor15 min to obtai皿 the
supem atant･ T he supem aLtant W asho m ogenized with 1mlof 99% m etha n ol and 4mlof
10 m M pho sphate buffer(pH 7･4)c o ntah hg 2 mg/hdof 1- 血 o-4- nitr o naLPhth ale n e
(Aldrich, M ilw auke e, W I, U S A)as anintemalst皿da rd. T もe am o unt of Am Breleased
w a sm ea s u r ed by H P L C･ Released An Bw a sextr a cted o n B O N D- E L UT
罫
(vada n,
Harbor City, CA, U SA)fro mthe s upe rn at nt, eluted by 1 mlof aceto nitrile/2. 5 m M
E DTA(60/40, v/v), and w as meastlred by H P L C(N ihon Bu nko Ltd. , Tokyo, Japan).
Wakosi15C 18c olu mn (4･ O m m x30c m, W ako Pure Chemical h dustries Ltd.) w as
u sed a ndthe m obile phase w as40 %aceto nitrile h 1 0m M acetate buffer(pH 4. 0), wi tha
且o w r ate of 1.0 mUhin . A 皿B and the htemalsta ndard had r etentio ntim es of 8.0 a nd
ll･O m ュn
, reSPe Ctively･ n e c olu m e弧 u ent w as m onitoredforabs o rba n ce at3 85n m.
2.1.4. Stability of Am B- P E G lipo s o mesin viv o
Bare upo s o me, which w as co mposed of DP P C/C H(2/1, m ol/m ol) and AmB-P E G
lipos o m e slabeled with
3H - C H Ew er einje cted hto6 w e ek oldmaleddY mice viathe tail
vein wi th 10mgl享pid収gbodyin O･2 血 ofs u cr o s e･ Atdesired dm e s after the h3ecdo n,
blo od w as c olle cted by eye p uncture from the an esthetiz ed mice. T hebiodistribudo n of
lipo s o mes and AmB w er e, determined by m e an s of r adio a ctivity a nd H P L C
m eas u rem e nts
,
respe ctiv ely, asde s cribed abov e.
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2･1･5･ C hlo rofo rm/w ate rtw o- phas epa rtitio n
lnter m olecula r hter a cdo nbetw een A m丑 and D S P E-P E G inaqueous s olutio n w as
eas皿y observed by using a chlorofo r m佃 ater parddo n system ･ The prin ciple ofthis
m ethodis based o nthe s olubilibr difference of thetw o drugs･ D S PE-P E G is s olublein
chlo rofor maJldfo rms miceuarstruchlre h w ate r. But Am B is poorly s oluble h thes e
solv ents a nd can existinthem only as aggregatedstates･ h thepres e n c e of D S P E-P G,
AmB caJl 鍔istsin the waterphase bys olubil辻ation o rinterac血g with D S P E-P E G. h
the chlo r ofo -/w ate rsystem , how ever, m o st ofthe DSP E-P E G is pa rddoned to the
o rganicphase, depe nd ing on the s olubiltydifEere nce again stboths olv e nts･ Therefo re,
if An Bexists in the w aterphase, upo n addidon of chlorofo r mthe An Bseparates out at
theinterfacebetw e en the chlo r oform a nd w aterphases asapre cipitate･ A mB - D S P E-PE G
aqueo u s s olutio n w asprepa r eda sfollo w s:A s olutio n of 20mgof Am B in methallOI w as
mixed wi tha s olution of 20 mg of DS P EIP EG inchlor ofor m･ A fter ev aporation ofthe
organic s olv ent, 1 mlof 9 %s u cro ses olutio n w as addedto the Ⅲ汝ture and thefre eA mB
w asrem o ved byce ntrifugatiorl at3,000Ⅹ gfor15 min as a precipitate ･ On e mlof w as
addedto the aqu eous s olutio ndropwiseto observe the cha nge ofstate･
2･1･6･ Pr epar atio n of Am B s olution inter a cted with D S P E_ P E G
An aliqu ot of Am B and 3 mg of DS P E-P E Gw as dis s olv ed in m etha n ol aJld
chlo r ofor m
,
r espectively, andthe s olutio n sw e remixed･ A fter evapor atio n ofthe orga nic
s olv enth a nN2gas no w With heathg, 1 miof 9% sucro se s olutio n o rD D Ww as added
to the residu e･ Fre eA mB w a srem ov ed by ce ntri fugation at3,0 00Ⅹ 蛋fo r15 血1 aS a
precipitate and the s olutio n was extrudedthr ough a Nu clepor epolyc a rbo n ate m embran e
of O･4 pm pore siz e･ T he prepa red AmB s olutio n w as ayellow aqtl eOuS S Olutio nin
which D S P E-P E Gexisted in micellarfo r m. T he am ount of Am B thatinter a cted wi th
D SP E-P E Gw asus ual ly expressed asthe m olar ratio of An Bto D SP E-P E G.
2･1･7･ A bs o rptio n spe ctr a of Am B in the pr e s e n c eof D S P E･ P E G
The intera ctio n of Am Ba nd D SPE-P E Gw as studied in 9% sucr o se s olutio n by
abs orption spectr os c opy' which is m odified m ethoda s reported by Ma zer skiet al.
m l)
AmB w as dis s olved in D M S Oata c o n centr ation of 10
-3 M. A D S P E-P E Gsto ck s olution
w a sprepared h m ethan ol at a c o nc entration of 10
-3 M･ Appr opriate am o unts of AmB
and DSP E-P E GLS Olutio n s were added to 9% sucr o se s olution ･ Spectros c opIC
m ea surem ent w as done 1 hafte r mⅨ1ng, a nd inallexperim ents, the co n centratio n of
● ■
AmB w as2 Ⅹ 10
‾占 M .
2.1.8. 31p･ N M Rm e a s ll r e m e nt
P E G hpos o mes and An B-P E G lipo s om es w er eprepared as des cribed abo ve, I ex cept
for hydr atio n with D20･ Fr ee An Bw a s rem o ved by pas smg thr ough a 0. 4 pm
polyc arbo n atefilte rto obtain a concentrateda ndn otvis c o u s s ample･ Lipidc o n ce ntration
w as ad]
'
ustedto2 0mg血1･ To preparethe A mB- D S P E-P E Gs olutio n, AmB dis s olved h
m ethanolw asmixed with D S P E-P E G dis s olved in chlo r ofo m･ A fter ev apo r atio n ofthe
o rganics olve nt, D20 w as addedtothe mixtu re a ndthe An Bn ota s s o ciated withlipo s o me
w asr em ov edbyfiltradon with aO･ 4LLm fnte r･ The s a mple w a str a n sferred into a1 0 孤
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bore N M Rtube and the 31p- N M Rspectr a were re co rded on a Bruker A V A N CE-400
spec加 m eter(England).
2･2･1･ Pr eparatio n of Am B- e n c aps ulated iipo s o m e s
D P P C
,
D P P C/ E (2/1, m ol/m ol), D P P CDS P E-P E G 2 K(2/0･ 13, m oVm ol), a nd
D PPC/CⅣD S P E-P E G 2 K(2/1/0･19, m ol/m ol)w erepr eparedasdes cribed in 2.1.2.
2･2･2･ P E G/De xtr an tw o･phas epa rtitio n
Fivepe rcent(w 仲)P E G 8000and 5%(w/w)dextraJI T-500tw o-phase system in 1:1
volu me ratio w asprepared in O･01 Msodiu m pho sphate(pH 7･ 0)containhg 0. 15 M
s odium chlori de(n on - charge-sen sitive system)by mixingthe appropriate w eights of 也e
followhg sto ck s olutions:22%(w 佃)dextra nT-500, 3 0%(WJW)P E G8000, 0.44M
s odiu mphosphate bH 7･ 0), 0･ 6 Ms odiu m chlori de a nd distilled w ater 108). T he tw o
phas e sw ere equilibr ated at 25
o
C
,
s epar ated and sto red at 4
o
C until tlSed. P hase -
pardd mingof An B- e n c apsulatinglipo s om es w asdo ne asfollo w s･ On ehun血e 叫1of3E- C 別abeled Hpo s o mes w asaddedto a mixture of P E G 8000(top phase)and dextr a n
T-500(botto mphase, 0･75mlofea ch)equubr atedat25
o
Cin an80Ⅹ10Ⅱ 皿 glas stube.
Thephas es were mix edfo r1 mb byrepe atedinv er sio n, then a50plauquot w a stake n
fortotalr adio a cdvifyc o u n血g･ T be mixture w asleftat25
o
C for afurther30 m
,
then
25plofea chpha se(P E G 800 /top phas e, dextra nT-500/botto mphase)w as s a mpled
fo r c o qntinga ndthe dis出butio n of lipo s om esbetw e en thepha s e s wasdetermined. T he
am o u nt of upo s o mes at the hterfa ce w as calc nlated by s ubtr a cthg the s u m of the
radio activityh theP E G 800 a nd dextr a nT-500phasesfrom thetotalradio a ctivity･
2･2･ 3I Pota ssitl mPe r m e ability m e a s tl r em nt
Po refor m ado n of AmB m oleculesin theP E Gupo s omalm embra ne w as c o nfi- ed by
pota s siu mpe - eabnify m eas urem ent, us mg a m odific ation ofthe m ethod of Bolard et al.67)
I In b rief
, P E G lipo s o m e s were prepared by hydration wi thsu cr ose- c ontaining
POtaSSiu mbuffer(130m M s u cr ose;50 m M K2S O.;10血 M K H2P O.;9 m M pyr a ninepH
adjustedto 7･1 wi th K OH)and e xtru sio nthr ough apolyc arbonatefilte rof 400n m pore -
size･ Theinitialw eightr ado of Am Btolipidw as O･3 8mg/5 mgin o rderto a v oidthe
qu en ching of pyraJlhe flu o r es c e n ce by An B･ A fter prepar ado n of the upo s om es,
e xtem alpyr a nhe w as r e m o v ed by gel- chr o m atogr aphy with Bio- GelA -1.5m c olul m
again stpyranine-fr∝ buffer･ The 且u o res cen ce hte n sityof pyranin e e n c apsulatedin
AnB -P E Ghpo s o mes w a s u s ed a s a pf= h dic ator withinthe range of 6･ 4-7.8
67)
. After
dihtio n of the sample to O･ 1 m M c oncentr atio n, 2 ml w a s･pla cedin a quartz cu v e仕e . A
pH gr adient w as created by additio n of 1 0plof 1 NIi2S O4･ C hange of theflu orescen ce
hten sityw as meas u red at5 10n m with ex citatio n at450- ･ Pota s siu m leakage fr om
thebnayer membran e o c cu rsbyviaK
'
侶 十 ex cha nge when An Ba nd carbonylcya nidep-
(tri flu orom etho xy)phenyulydr afo ne(F C CP, Sigm a, M O, U S A), us ed as an un c oupler toin crease H ＋ pe- eabiuty, ar e m c orporated hthe m embra n e･ So a ch ange of the
nu o r es c en c ehten sify w ouldo c cu r upo n additio n of F CP, if AmB m ole c ules w ere
in c orpo rated hthe c or e ofthelipo s o malm embr anes･ In this study, 5 ulof F C CP(0.2
PM hD M S O)w as addedto 也e s a mples at1 氾血 and c o mplete un c o uplhg w as a chiev ed
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by additon of1 0ill ofvalin o mycin (0.3 m M in D M S O)atlO min after addido n of
fI2S O.･
2.2.4･ F hl O r e S C e nCe qll e nChing
DP H hasbee n u sedto es血 ate the m e mbra ne pr opertyinthehydrophobicpa rt of 也e
me mbr a ne
110)
･ Be caus e of being an cho red byits c atio nic m oiety,-which m ayintera ct wi th
pho sphate gr o ups of pho spholipids) tm aD P H has als o besn u sed to es 血 ate the
membr a n epr opedy atthe membran e/w ater interface
111)
･ so
,
the qu en ching of D PH or
tm aD Pf壬flu o res cen ceinthe pr esen c e of
'
A mB inlipo s o malm embra ne w o uldreflect the
lo calization of the A mB m olecules clo se to the flu ores cent probes･ Bec ause of the
differentlo c auz ation of D P Hortm aD P E in the lipo s omalm embra n es, w e used both
D P Handtm aD P Hto estim ate thelocado n ofthe An Bm oleculesin Hpos o mes･ D P Hor
tm aD P fl dis s olved in chlo r ofor m o r chlo r ofor m/m etha n ol(1/1, v付), respe ctively, w as
mixed wi th1ipids to m ake alipid film ･ The m olar r atio of A 血B to Hpidw as1:150･
AmB-in c orpo r a血gl申os o mes c ontainhg D PIiortm aD Pflw ere prepared asde s cribed
abo v e and the lipid co n c e ntr atio n w as ad3
'
ustedto O･1 m M by the s u cr o s e s olutio n.
Flu o r es c e n cinten sitym e as u rem ent w asdo n e at an e x citation w a velengthof 318n 皿 a nd
an emis sion w a v el ngthof 425n 皿･ Relativ efhor es c e n c einten sityw as standardized in
teⅢ1S Of F
.” and the Ster n
- Volmer c onstant w as calc ulated by use of the follo whg
equ ation :
Fo/F= Ksv[C]＋1,
where, Fo o rF isthe nu o res c e n c einte nsity inthe absen c eorpr esen ce of An B,【C]is
AmB c onc entratio n andK
sv
istheSter n-Volmer c onsta nt･ T もedegre eof D P Hortm aD P H
qu enchingby A 血Bw ases吐m ated by theSte m -Voim er c onstaJlt, a ndthe orde r of which
w o uldrenects the degree of An Bm oleculeslo c ated hthe c ore or clos etothehydr ophnic
partofthe m embr a nes.
2.2.5. Circtl ar dichrois m (C D)spectr a
Cir cular dichr ois m (C D) spe ctra were rec orded with a JA S C O J-700
spectr opolarim eter(Tokyo, Japan)･ T he AInB co n c e ntr ation ofthe s a mple w a sad]
'
tlStedto
5 pM a=1d C Dspectra w ere m ea sured u nderthefono w 皿g C O ndido n s:baJld width, 1.0
n m;step r es ohltion , 0･1 n m; s e n sitivity, 50mdeg; r espo n se, 0･ 25; s ca n speed, 100
n m/hh;a c mm uladon, 5tim es･ Allthe data w ere e xpres sed inter m s of AE(M
l
c m
-1
)
whichis thediffereⅡtialm olardichroic abs orption c oeffic e nt.
2.3.1. Synthe sis of nystatin de riv ativ e s
Nystah deriv adves, N - a c etyhysta血 and nysta血 m ethyle ster, w ere synthesiz ed as
reported
102)
. N - Acetyhysta血: Nysta血 (1 g) w asdis s olved wi thstirringin lO miof
D M S Oatr o o mte mper atu r e a nddiluted with lO miof abs olute m ethan ol. The m転地re,
c ontah ing partiauy precipitated a ntibiotic, w as c o oled o nice a nd 0.12g of a c etic
a nhydri de w as added stepwise
. 血 血glO min wi thstiring. A fter afurther10m h, the
pr odu ct w as is olated by pr e cipitatio nh 100mlofa nhydr o tlS ethylether, follo wedby
centri fugatio n a nd w a sh hg wi thethylether･ Nystatin m ethylester: Nystatin(1 g) w as
dis s olv ed in 10ml of D M S Oat r o o mtemperature a nd diluted wi th 1mlof abs olute
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皿etha n ol･ 皿 e s olutio n w a s c o oled oniceto6
o
C
,
then tre aLted with 7 miof diaz o methane
reagent, which w as prepar ed inthe usual w ay fr om N - m ethyl-N - nitr o s o-p-
tol皿e neS tllfo n ami de(Dia zal d(R))for1 mb･ After the esterific atio n w as c o Ⅲpleted, the
produ ct w asis ohted by pre cipitado nin 200ml of anhyd- lSethyl etherfouo wed by
centrifugatio n and w ashing with ethyl ether･ Co mpledo n of bothre actio n s was checked
byT ic(S且ic agel Gplate, 20Ⅹ20c m; chlor ofo r m/ m etha n oUO. 025 M bor atebuffer, pfI
8.3(2/2/1v/v, lo werphase)).
2･3･2･ Pr epa r atio n of nystatin en c apstllated lipo s o mes
Nystatin- encaps ulated lipo s o mes were pr epared by the si mi lar m ethod as des cribed in
2･1･2･ B riefly, nystath a nd D S P E-P E Gw ere diss olv ed in m ethan ola nd chlor ofo m
,
respectiv ely, and the s oludo n s w e re miⅩed. T hen as olutio n of D P P Ca nd CH h
chlorofo m w as addeda nd the whole w asev aporatedto m ake aHpid f h･ n elipidfib
w ashydrated wi th 9 %s u c ro seby vo rtex m Ⅸ1ng, andthe mixtu rew a sfr o z e n and thaw ed
4 dm es･ Lipo s om es wer eextrudedthr o ughNucleporepolycarbo n ate m e mbra nes of 0.4,
0･2 and O･1 ド･m POr eSize, resulting 孤 a n av er age particle size of 1 00- 130n m . T he
extruded nystath - P E G lipo s o mes were als o centri fuged at200, 00Ⅹ gfo r15皿血 to
separate n o n- e ntr apped nysta血 a ndto c o n c e ntr ate the lipo so mes･ T be pho sphoupid
co n centr atio n w asdete rmined by pho sphate as s ay, aJldthe nystath c o n c e ntr atio n w a s
m eas u r ed spe ctr ophotom etric auy at31 8- h m eth皿 Ol･ The en c aps ulated a m o u nt of
nystatin w a s us alye xpres seda sthe w eightr ado of nysta血 tolipid(equivalent am o u nts
oH )P P C皿dC E).
2･3･3･ Flt1 0 r e S C en m e a S tl re m e nt Of nystatin binding
Self- as s o ciatio n of nystath with lipos o mal m embranes w as hv estigated by
nu ores cen ce m e as u r e m e nt as repo rted
95)
･ Lipos o mes w ere prepa red asdes cribed-abo v e
witho ut nystatin･ Lipidc o n centr atio n w as adjusted to 5 m M as a sto ck s olutio n.
Appr opriate v olu m e s of nysta血 sto ck s oludon diss olvedin metha n ol, 1ipo s om e sto ck
s oludo n and 9% s u cr o s e s olutio n w er emixedto m ake desired s a mples･ Finalnysta血
co n centr ado n w aslO叫M a ndthefhalc onc entr ado n(v/v)of m ethaJIOl in s oludo n sw as
belo wl%･ Nystatin bindingto thelipo s om alm e mbr ahes w asdetected htL
e m S Ofthe
in c reas e oftheflu o res c e n 任inten sity･ ℃ュePrepareds a mples werein 皿bated at30
o
C for
1 hhthedark, a nd f山or es cen ce 皿 e aSurem ent W asdo n ewithex citatio n and emis sio n
wavelengths of 318
1
a nd 425n m
,
respectively･
2･3.4. Pr epa r atio n of nystatin - D S P E･PEG s oltLtio n
A s oludo n of 20mg ofnystath inm ethan ol w as m汝ed witha s olution of 20 mg of
D SP EI P E G inchlo r ofo rm･ A fter ev apo r atio n of the o rganic s olvent, 1 miof 9% sucr o s e
s oludo n w as addedto the miⅩture a nd thefre e nysta血 w as r e m o ved by centri fugado n at
3,000Ⅹ蛋fo r15mh as aprecipitate･ T he rem aⅡ - gmixtu r e was extrudedthr o ugha 400
J t
ⅢnBlter･ Nysta血 and Bpidc o n ce Ⅱtr atio n s weredeteⅡnined asdes cribed in2.3.2.
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2.3.5
31p･ N M Rm e a s ll r e m e nt
Nysta血 -D S P E-P E Gs olutio n w aspr epa red byhydr ado nwith D20･ Free nystatin w as
remo ved bypa s s mgthe s olutio n也r o ugh aO･ 4ト虹n membr a nefnter. Lipidc once ntr ation
w as adjustedto20mg/hd. 皿 e sample w astr a n sferr ed hto a10Ⅱ 皿 bo re N MRtube a nd
the
31p- N M Rspectru m w a s rec orded o n aBrukerA V A N C E-400spectr o m et r@ngland).
2.4.1. Prepa r atio n of nystatin ･ enc apstllatedlipo s om es
Lipid c o mpo sitio ns used w ere D P PC,
'D P P C/ Ⅰi(2/1m olar r atio)D P P CDS P EIP E G
(2/0.13 m olar ratio) and D P P C/C Hn)S P E-P E G(2/1/0･ 19 m olar r atio)･ Nystatin -
en capsulatedlipo s om es w ereprepared asdescribed in 2･3･ 2･ 皿 e encapsulated am ount
of nystatin w as u su auy expr es sed as the w eight r atio of nysta血 to lipid(equivalent
a m o u nts of D P PC and CfI) hitial w eightr ado of nysta血 tolipid w as0.75mg/5 mg
(h it alⅡ1 01ar rado s of nystatinto upidin CH -fre e and C H-in c orpo r ated upo s?m esw ere
0.119a nd 0. 100, respectively) aJld the e ncapsulated am ounts of nystadn n D P P C,
DP P C/CfI, D P P C/D S P E-P E Ga nd D P P C/C Hn)S P E-P E G lipo s o m es w ere 150, 13, 151
a nd84u空知1glipid, respe ctiv ely･
2.4.2. P E G/De xtran Tw o･pha s ePa rtition
Phase -partitio n ing Of nystatin- en c apsulatinglipo s o mes w asperfor m ed asdes cribed in
2.2.2.
2.4,3. Qtl e n Ching of nystatin flu o resc enc eby D P X
D P X hasbe en used as ahydrophilcquen cherto e valu ate the fusio n of lipo s om es or
thele akage of drugs
l16･1 17)
. s ince D P Xdoes n ot per me ate throughthe upo s o mal
membr a n e s
,
凸u o res ce nce quenchingof nystatin enc aps ulated in1ipo s on es byaddito n of
D P Xreflects the am o unt of nystatin at thelipo s o malsurfa c e･ T he prepared lipo s o mes
were dilutedto afhalc o n centr atio n of S汁M nysta血 with 9 %sucro se s oludo n a ndthe
desired c o n c e ntratio nofD P Xw as added(0-53m 叫 . Fluo r es c e n c e m e a surem ents were
do ne
.
o n a S him adzu R F-5 000spectr ofluorom eter(Kyoto, Japan) withexcitatio n aJld
emis si on W a vele ngths of 318 aJld 425n m, respe ctiv ely･ A fter me asurem ent of the
nu ore s ce n e hte n sity at3 0
o
C, reladve fluo res cen ce hten sity w as st皿 dardized h ter m s
of Fo仔 aJld theSte
l
rn -volme rco n stant w as calc ulated by use ofthefollowingequ ation :
Fo/F= Ksv[D P X]十1,
wher eFo orF isthe flu o res c e n cehten sityofnystatininthe abs e n ce orpresen c e of D P X,
[D P X]is the D P Xc o n centr atio n a nd Ksv is the Ste m - Volm er c onsta nt･ The degree of
nystatin qu en chingby D P Xw a s es吐m atedin ter m s of the Ster n
-Volm er co n sta nt, the
o rder of which w o uldr eflect the exte nt to which nysta血 m olecules arello c ated o nthe
surfa ce of the upo s o malm embr a nes･
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2,4.4･ F h1 0 r e S C e n C e a nis otr op y(r)ofnystatin
Fluo res cence hten sityofnysta血 inlipo s o mes were m e as ured asdes cribedabov e･ T he
prepa red 止po s o mes we rednutedtothe desired c o n centr ation ofnystatin(3汁叫 with 9 %
su cr o se olution.
Fluo r es cence anis otr opy(I)ofnystatin w a s calulated by use of thefollo whg equation :
f=(Ia -Ib(G))/(Ia＋2Ib(G)),
wherel
a
a nd lb a retheinten sities of lightemitted wi th is polariz ation pl皿 e Paralle and
perpendicularto that ofthe ex ci血gbe am , respectiv ely, a nd G is a nin stru m enta nis otr opy
fa ctor･ n e obtained data wer e c ompared with tho se of Casta血 o etal･
94)
2.4.5･ Cir ctLla rdichr ois m(C D)spe ctr a
C Dspe 出 a were r e c o rded w 血 aJA S C O ∫-700spectropola 血 eter(Tokyo, Japa n).
The nysta血 c o n cenh:ado n of the s ample w a s adjtlStedto 5トLM a nd C Dspectr a w e r
me as u r ed under thefollo w mg c ondito n s:ba nd wi d th, 1･O n m;step res olutio n, 0･1 n m;
response, 0. 25;s c an speed, 100n m/m h; a c c u m ulatio n, 5tim e s. A uthe data were
expres sedin ter m s of Ag(dm3m ol
‾1
c m
-1), which is the differentialm olar dich mic
abs o rptio nc o effic ent･
2･4･6･ Calc ein a nd nystatin r eleas e pr ofile of nystatin - e ncaps tl ating
lipo s o m e sin vitr o
Stabilitya nd lo c atio n of nystatin innysta血 -e n甲PSula血glipo s o mes w ere estim ated h
ter m s ofthe extentofcalc eh aJld nysta血 releasein viiro.
Calceh hasbee n u sed as afhores c e nt aqueous marker to in v esdgate the m embr an e
per m e abil吋
118-1 2 0)a ndthe release pfofilesfr o mlipo s o mes renects 也e stability. Calceh
and nystath,{ ncapsulated lipo s o mes wereprepared asdes cribed abovebyhydratio n wi也
50 m M calcein/150m M s u cr o se/10 m M H E P ES buffe r(pH 7･ 4)･ T he prepar ed
lipos o m e s w er e centrifuged at2 00, 00Ⅹ g for15 min a nd w ashed withpho sphate-
buffer eds alhe(P B S, pH 7･4)to rem o vethe untr ap ped calc ein. Lipidco n centratio n ofthe
prepa redlipo s o m esw a sadjtlStedto10mg血1 by9%s u cr o se olution. A 200plauqu ot
ofthe s ample w as addedto 800ド･1 of dd Ym o u se pla sm a andthe mixture w a sin c ubated
at37oC･ A fterthe desir ed period of hc ubado n, a 50 p･1 aliquot of the sample w as
c olle cted
,
diluted wi th 950plofpho sphate-buffe redsaline･ A 50け1 aliquotof the s a mple
w as c onected again to measure1 00%r elease of calceh by addinga50け1of 10 % T rito n
X-100s olutio n･ T he rest ofthe s a mple w as ce ntri fuged at20 0, 00Ⅹ gfo r30 m 血 to
obtainthe super natant･ T be am ountof calcein releas ed w a sdetermined by m e astlrlngthe
nu o res cen ce inten sify at515n m(ex citatio nat470皿)afterthelipidc onceptratio n w as
ad]
.
u stedto5ug/ml.
Nys ぬ r ele a sefr o m nysta血
- en capsula血glipo s o mesin vitro w as als o m easuredto
est血ate the Ⅱ1 01ec ula r lo caliz atio n of nysta血 .
in lipos o mes･ Prepared nysta血 -
e n c aps ula血glipo s o mes wer ednuted with9% s ucr o se s olutio nto ad]
'
u st the nystath
c o n centr atio nto 1 mg/h l. A O･ 4 mlauquotofthe sample w as ad dedto 1.6 miof dY
m o u se plas m a a nd the mixtu re wasin cubaLted at 37
o
C･ A fter the desired period of
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incubadon, a O･ 1 ml aliqu ot of the s ample w as c olle cted, diluted wi th 0･ 9 ml of
phosphate
-buffer ed saline and centrifuged at 200, 00Ⅹ g fo r30min to obtain the
stlPer natant･ A O･ 2 mlaliqu otofthe super nata nt w as m汝ed with l･8 miof 99 %m etha nol
a nd the m汝山re w as ce ntrifugedat2000Ⅹ gfo r30m 血 T もe am o u nt ofnysta血 relea sed
w a scalculated fr om thenu ores cen ceintensityof thesupern atanta sdes cribed ab わv e. Data
w ere expr e ssed asthe m e an of 出plicate m e asurem e nts.
2･5･1･ Pr epa r atio n of polye n e m a cr olide a ntibiotics ･ e n c
L
apS t11ated
lipo s o m e s
Polyene m acr olide antibiotics w ere en caps ulated in 4 kinds of lipo s om es, w hich w ere
c o mpo sed of D P P C, D P P C/ H(2/1, m ol/m ol), D P P Cn)S P E-P E G(2/0.13, m oVm ol)
and D P P C/C Hn)S P E-P E G(2/1/0･1 9, m ol/m ol)I T he drug- encapsulatedlipo s o mes were
prepared by hydr atio n a nd e xtru sio n m ethod, aspreviously des cribed in2.1.2. Ⅵ1e
pho spholipidc oncentr atio n w asdeteⅡnined by pho sphate a s s ay, aJld the AmB, nystath
andpim aricin co n centr atio n s were m ea sured spe ctr ophoto meb:icnllyat405, 318 and 355
nm h m eth an ol
,
respectively･ n e en capsulated a m ount ofthese drugs w as usually
expr es s ed a sthe w eightratio ofdrugtolipid(equivale nt am o unt of D P P CaJld C H),
obtain ed asthe m e an oftriplic ate experim ents･
2.5.2 Pr epa r atio n ofdrug s ollltio ninte r acted with D S P E･ P E G
An aliqu ot of a drug l n methaJI OI w as mixed with a s olutio n of D S P EIP E G in
chlor ofo m . A fter ev aporatio n ofthe o rganic s olv ent, 9%suc r o se s olutio nw as addedto
the mixture a ndthefre edr ug w a s rem ov ed by centdfugatio n at3,000Ⅹgfo r15 m血 as a
pre cipitate. T he rem a m mg mixture wasextruded thr ougha 400m nfilter. D mg and lip d
c o n c e ntr atio n s were dete mined asdescri bed h 2.5.1.
2.6.1 Pr epa r atio n of P E G lipo s o m e sby h igh ･pr e 5S11re ho m oge niz e r
P E G upo s o mes w ere c o mpo sed ofeggP Cand C H(2/1, m ol/m ol) withseveral 6m ol%
of D S P E-P E G･ 3H - CⅠior
3
H - C H Ew ashco rporated a sa m arker･ Large unilam euar
lipo s o m es(L U V, m ea n size of 100- 200m)w ereprepa r ed bythefouowingthreekinds
of m ethods.
Mehod 1:Fo rthepr e-s a mpleprepar atio n, eggP C, C Hand D S P E
-P E G(2Pmg/5 mgr7
mg)w ere w eighed a ndthese w ere vigor o u sly v ortexing withthe s u c r o se s olution h
boiled w ater. As a s olv e nt, 9% su cro se s olntio n w asused. Ho m ogeniz atio n w as
perfo r m ed 5 tim es with EⅢulsiFlex
T M
- B 3(A V B m Inc. , Otta wa, Ca n ada) high-
pr es sureho mogenizer at1 40 M Pa and theho m ogeniz edsa=nples w ere extrudedthr o ugha
Nu cleporepolyca rbo n ate membraJle Of O･ 4pm po re size(Nuclepore Col , CA U S A)to
rem o ve aggregated upids･ Bec au se ofthe diffimltyofthetemperature contr ol hthe c ore
of this equipm ent, Pre
- W a -ed s a mples abov e the gelto uquid crystal1he tem per atu re
(Tc)of thelipids w e r eprepar ed befo re ho m ogeni2 atio n･ For m ado n ofthe Bposo m al･
m embr aJleaJld theupo s o malpa rticle size w ere c o nfir m ed by calcein r elease a nd dyn amic
light s c atte血g(E LS 800, Otsuka Electr o nicsCol , Tokyo), respectively･ Data of the
p打ticle si2:e W er e e xpres s ed asD(I -), Whichrepr esents a mea npa rdcle size c alc ulated
byc u m ula nt m ethod.
Method‾2: Fo rtheimpr ov em e nt of C Hinco rpo r atio n, prepar atio n of P E G lipo s o mes
withpolyolm ethodrepo rted by Kiku chiet all
1 2 9)
w as c arried o ut･ h polyol m ethod,
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PE G lipo s o mes w ere prepa red by us mgglycer ol o rpr opylen eglyc ol instead ofstlCT O Se.
Atfirst, C H a ndpolyols w ere miⅩed and vortej(ed at12 0-1 40
o
C･ N ext
,
otherlipids
w ere added and mixed at60- 80
o
C a nd 血 al1ydo uble distilled w ater(D D W)w as added.
Thefollo w mgpr o cedu re wasasde s cri bed 由 Method 1.
Mehod 3: Fo rtheimpr ov em ent of D S P E-P E G in co rporation, P E G lipo s om es w er e
preparedby addito n of large am ount of D S P E-P E Go rbyin s ertio n of DS P E-P E G in
eggP C/C H lipo s o mes by hcubatio n, w hich w as a m odified m ethodreported by Uster et
al･13
0)
･ eggp c/cH lipo s o mes, which w a spr epa red by ho m oge nization, w ere inc ubated
with DS P E-PE Gs olution at60
o
C for3h.
As a referen ce
,
P E Glipo s o me w as prepared by hydration and extru sion m ethod.
eggP C, C Hand D S P E-P E G(8 mg/2 mga.8 mg)w er edis s olved hchlor oform . n e
lipid mixture was e vapo r atedto m akelipid film. Thelipidfinn w ashydr ated by v ortex
m Ⅸ1 ngin l miof 9% su cr o s eand w as缶
･
o ze nand thaw ed 4tim es repeatedly･ Lipo s o mes
w ere extr udedthr o ugh a N uclepor epolyc arbo n ate m embr a ne of O･4, 0･2 a nd 0.1 杵m
por esize res u土血gln an a V er age Particle siz e of 1 00-120n m as me asu r ed by dyn a mic
臼g出 scattedng.
D SP E-P E G in c o rpo rated aJ n Ount W as dete Ⅲ血 edby the pyrene nuor esc enc eof Pyr-
PE-P E G･ Pyr-P E-P EG w as m汝ed wi th D S P E-P E Gat1/10m ola r ratio a nd Pyr-P E-
PE G 血c orporated PEG upo s o mes w ere pr epared as des cri bed abov e･ Pyr-P E-P E Gnot
inc orpor ated inlipo s o m es w a s colle ted by ultr a ce ntri fuation at376,000Ⅹ gfor3 0 mh
andPyr-P E-P E Gc o n centr ation w as calculated by the flt10 reS Cen C einte nsitywith the
excitation a nd emis sio n w a velength at318a=1d 396n m, respectiv ely･
2･6･2 B iodistriblltion ofP E G lipo s o m e siT ”iv o
Barelipo s o me which w as
.
c
.
o mpo s ed of D PP C/C H(2/1, m ol/m ol)and P E G lipo s om es
labeled with 3王‡- C H Ew e rel巧 e Cted into 6 w eek oldmale dd Y mice viathetailv ein with
10mglipidAigbodyinO･2 mlofea chs ample･
3H - C H Ew as mixed with C Hpowder and
the o rganic s olv e nts we re rem ov ed by evapo r atio nbefore lipos o me preparation ･ At
desired tim es after the injection, blo od w as cone cted by eye p unctu r e fro m the
an esthetiz ed mice･ n e biodistribution of lipo s om es w as determin ed by m e ans of
radioactivity･ In theif Wivo experim ent, lipo s o malsiz eoftheho m oge niz ed samples w as
adjustedto 100- 120n mfollow ed by extr u sio nthr oughapolycarbo nate m embrane filter
withapo re size of O･1pm to co mparethe results withthat of P E G lipo s o mespr epared by
thehydration m ethod.
2･6･3･ Pr epa r atio n of Am B･ enc apsulated P E G lipo s o m e s
h c aps ulation of AmB in P E G lipo s o mes by high-pres sure ho m ogenizer w as
pe血 m ed byfわu rkinds of m ethods.
M ethod 1: eggPC orD P P C, CE , DSP E-P E Gand AInB(2 0mg/5 mgr7 mg/3.75mg)
w ere w eighed and these w ere v lgOrOuSlyvo rtexing withthe9 %sucr ose s olutio n at60-80
o
C･ H o m oge nizatio n w as perfo - ed lO 血e s wi th thehigh-pres s tlre hom ogenizer at
140 M Pa･ n eho m ogenized s a mples w er eextruded thr ougha Nu clepo repolycarbo n ate
m embr ane of O･4ド皿 POreSize and centrifugedat3 76,000Ⅹ gfor3 0m血to rem ov e un-
e n caps ulatedA mB.
･ M ethod 2:CH aJldpr opylelle glyc ol w ere m汝 ed and vo rtexed at120-140
o
C･ Next
,
eggP′C or DPP Cw er e added 皿d mixed at60-80
o C and D S P E-P E Ga nd AmB w ere
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mixed at60
o C･ Fin auy, double dist正1ed w ater(DD W)w as addedto the s a mples a nd
hom ogenization w a sperfor med a sdes cri bed h Method1.
M ethod 3: A mB and D SP E-P E Gw ere c o-gro und r oughly and hydr ated by D D W.
Fre e- AmB w as rem ov ed by ce ntriftlgatio nat3000Ⅹ gand extrusion with 0.4ibm filterto
obtain AInB -D S P E-P E Gs olutio n･ eggP C/C H lipo s om es, w hich w ereprepared by
ho m ogeniz ation, w ere inc ubated with AI=IB- D S P E-P E Gs ol 血on prepared asdes cribed at
60
oC fo r3h･ A mB- D S P E-P E Gc omplex that w a s n otin c orporated in1ipo s om es w as
remo ved by也e ultracentri fugatio n･
- 74 -
ReEer e n ces
l･ G･ Bodey, B･ Bueltm an n, W ･ Duguid D･ Gibbs, H･ Hanak, M･ =otchi, G･ M al l, P.
Ma rtino and F･ M e u nier: Fungal injections in c a n ce r patients:an inte m ational
a utopsys u rvey･ Eu r･ J･ Clin･ M icr obiol･ Infe ct･ D is･ ll, 99-109(1992)
2･ K W ･ Bu r chard, L･B･ M inor, G･ J･ Slotm an and D･ S･ Gan n: Fu ngalspecies in
s urgicalpatients･ Ar ch･ Su rg･ il轟, 217-221(1983)
3･ S･ V ･ Kom shian, A･ K･ U w aydah, D･ J･ Sobeland L･ R･ Cra n e:Ftlngemia c asued by
Ca ndida species and To rulopsISglabr ata in the ho spitaliz ed patient= frequ ency,
characteristics
,
and ev alu atio n of facto rsinnu en cing outc o me. Rev.Imf D is. u ,
379-485(1989)
4･ C･ M･ Beck Sague a nd W･ R･ Ja rvis:Seculartrendsin the epidemiology ofn os c omial
fungal infectionsinthe UnitedStates, 1980-199 0. J. Infec t. Dis. 167, 12 47-1251
(1 993)
5･ J･ fI･ Tyle :Systemic fungal disea se ･ In:h fectio u sfungal dis e ase,J･ L･ Gorba ch, J. G.
Ba rtlett
,
N ･ R･ Blacklow (eds), W ･ B･ Sa u ndersCo mpa ny, Philadelphia, 1992, pp.
126 6-127 6
6･ B･ DuPo nt: Antifungalther apyin Al DS patients･ h:Ne w Strategies in F ungal
Diserase ･ J･ E ･ Be m et
,
R･ J･ Hax, P･ K･ Penters o n(eds), Churchill- Li vingsto ne,
E dinburgb, 1992,pp･ 2 40-300
7･ F･ Me unier:Pr e ve ntion of myc o sesinim m un o c o=1PrOmisedpatie nts･ Re v. ImfDis. 9,
408-416(1987)
8･ F･ C･ Sz oka and M ･ ･Tang: Anphotericin B fo r m ulatedin lipo s o mes a nd lip d based
system sJ ･ Ll
'
po s o m eRes･ 3, 363-375(1 993)
9･ J･ Bolard
,
V･ Joly and P･ Yeni: M e chanis m ofa ctio n ofa mphotericin B at the c ellula r
level･ Its m odulatio nbydeliv erysystem s･ J･ Lipos o m eRe s1 3, 4O9-4 28(1 993)
10･ D･ Kerri dge:M ode ofa ctio n ofclinicallyimpo rta nt antifu ngal drugsI A dvI Microbiol.
P hysiol･ 2 7,1-64(1986)
11･ E･ F･ G ale: Nature a nd developm ent ofphenopitic resista n ce to amphotericin B in
Ca ndida al bic a n s･ A dvI M icr obiol･ P hysiol. 2 7, 278-31 8(1 986)
12･ J･ P ala cio s a nd R
,
Serr a n o :Pr oto nper m e abilityinduced bypolye n e antibiotic s･ A
plausible m echa nis m fortheirinhibitio n of m altose fer mentation in yeast･ F E B S
Lett. 91
,
1 98-201(197 8)
13･ P･ A I Piz z o
,
J･ Meyers, A ･ G･ Freifelda nd T･ W alsh: h fectio n sinthe c a n c erpatient･
In :Ca n cer:P rin ciple s皮 Pr a ctice of On c ology･ V ･ T･ De V ita, S･ Hellm a nJ. S. A .
Ro
.
senberg(eds),J･ B･ Lippin c ott,P hiladelphia, 1993,pp. 2292-233 3
14･ P･ A･ Piz z o
,
R･ J･ Robicha ud
,
F･ A ･ Gilla nd F･ G･ W itebsky:Empirictherapywith
a mphotericin Binfib ri1e r a nulocytopenicpatie nLs･ Am ･ J･ Med･ 72, 1 01- 11(1982)
15･ M ･ Carr a nd W･ E･ Dis mtlkes: Antifungalagents･ In: hfectious D isea ses. J. L.
Go rbach, J･ G･ Ba r[lett, N ･ R･ Blacklow (eds), W ･ B. Sa unders Co mpa ny,
P hiladelphia, 19 92,p p. 3061313
16･ H･ G･ Gallis
,
P･ H･ Dre w and W･W Pickard: Anphotericin B:3 0ye ars of clinical
experie nce ･ Re v･ ImfD is･ 12, 308-329(1990)
17･ A･ D･ Ba ngham a nd R･ W ･ Ho me:Negative staining ofpho spholipids 左ndtheir
stru ctural 皿 Odification by surfa ce - a ctive agents as obse rved in the ele ctr on
mic r o s c ope･ J･ M olec･ Biol･ 8, 660-668(1 964)
18. A. D. B angha m, M . M . Sta ndish a nd I. C. W atkin s :D iffusio n of univalentio n s
a cr o s sla m ellaer ofs w ollenpho spholipid･ J･ Mole c･ Biol1 13, 238-252(1965)
19･ A ･ D ･ Ba ngham :M e mbran e m odels withpho spholipids. Pr og. Biophys. Molec. Biol.
- 7 5-
1 8
,
29-95(1 968)
20･ G･ Gregoriadis and E･ G･ N e erunjun: Co ntr ol ofthe rate of hepatic uptake a nd
c atabolis m of lipo s om e- entr apped proteinsinjected in to rat･ Po s sible ther apeutic
ap plic atio n s･ Eur･ J･ B io che m･ 47, 179-185(1974)
21･ V･ P･ To r chilin, V ･ R･ Berdiche vsky, A･ A ･ Ba rsuko v, a nd V. N . Smirn ov :Co ating
lipos o mes withpr otein de cr e ase their captu r eby m a c r ophage. F E ES Le ft. ill, 1 84-
1 88(1 980).
22. A . Su rolia, B. K . Ba chha w at and S. K. Fodde r:Inter action betw ee nlecithin from
Ricinus c om m unis a nd lipo s o mes c ontaining ganglio sides. Na tur e257, 802- 804
(1 975)
23･ T･ M ･ Alle n and A･ C bo n n: Large unilam ella rlipo s o mes vitb low uptake into
reticuloendothelialsyste m ･ F E ES Lett･ 233, 42-46(1 987)
24･ A ･ Gabiz o n and D･ Papahadjopo ulo s:Lipos o me for m ulations with prolonged
circulation tim einblo oda nd enhan c ed uptakebytu m o rs. Pro. Nail. Ac ad. Sci. USA
85, L6949- 695 3(1988)
25. A . A bu cho w ski, T. Va nEs, N. C. Palc z uk a nd S. S. Davis: A lternation of
im 皿un Ologic al pr operties of bovin e se m 皿 albu min by cov ale nt aぬ cⅠ皿 e nt Of
polyethylene glyc ol･ J･ Biol･ Che m･ 2 52,35 78-3581( 977)
26･ L･ Illu m , S･ S･ Davis, R･ H･ Mullet, E･ M at a nd P･ W est:The orga ndistri butio nand
circulation tim e of intravenouslyinjected colloidalca rriers stericallystabilized wi th
ablo ck c opolym er- -polo x amine908･ LifeSci･ 10,367-374(1987)
27･ T･ M ･ A llen
,
C･ H an sen
,
and J･ Rutledge:Lipo s o mes with pr olo nged cir c ulatio n
tim es. Fa cto r affecting uptake by reticuloe ndothelialand othertis su es. Bio chim .
Biophys. Acta981,27-35(1 989)
28･ A ･ L･ Kliba n o v
,
K･ Ma ruya m a, V･ P･ Tor chillin and L･ Huang: Amphipathic
polyethylene -glyc ols effe ctively pr olo ngedthe cir culatio ntim
t
e oflipo s om es･ F E B S
Lett. 26 8
,
235-23 7(1990)
29. G. Blu m e a nd G. Ce vc: Lipo s o mesfo rthe sustained drug rele asein vivo. Bio chim .
Biophys. Acta 1029, 1-97(1 990)
30･ D ･ D･ La sic
,
F･ J･ M a r血
,
A･ Gabiz o n
,
S･ K･ Eu a ng a nd D･ Papahad]
'
opoulo s:
Steric ally stabiliz ed lipo s o mes. A hypothesis o nthe m olecular o rlgln Of the
extended cir c ulatio ntim es･ Biochim ･ Biophys･ Acta 1 07 0,1 87-1 92(1991)
31. M . C. W o odle a nd D･ D･ Lasic: Sterical1ystabiliz ed･1ipo s o mes. Biochim . Biophys.
Acta n13
,
171- 99(1992)
32･ T･ M . Al le n :T he u se ofglyc olipids and hydr ophilic polym ersin avoiding rapid
uptake of lipo s om esbythe m o n on uclearphago cyte syste m･ Adv. Dr ugDeliveryRe v.
13
,
285-30 9(1994)
33. D. D. La sic and F. M artin
,
E ds･
,
Stealth lipo s om es, C R C Pr e ss, Bo ca Rato n, 1 995
34. D. D . La sic a nd D. Ne edbam: T壬1e
"
Stealtb
”
1ipo s om e:A pr ototypical bio m aterial.
Che m. Re v. 95
,
2 601-2628(1995)
35. M . C. W o odle a nd G･ Sto rm Eds. , Long circulatinglipo s om es: old drugs, n ew
the r ape utics, Springe r-VerlagandLandes Bios cie nce, 1 9 8
36. D ･ D. Lasic: Do x o rubicin in stericallystabilized lipo s om es･ Nature 3 $0, 5 61-562
(1 996)
37. B. Ceh
,
M . W interh alter
,
P. M . Frederi k
,
J. J. Valher and D. D. Lasic: Stealth@
lipo s o m e s:fr o mtheo rytopr o.
duct･ A dv. Dr ugDe!iv eTyRe v. 2 4, 1 65-177(1 997)
3 8. A ･ Gabiz o n
,
E d.
,
Lipo s o mes a s carriersfo ra nthracyclines, Fo r u mIssu e, J･Lipo s o me
Re s. 4
,
4 45-467(1 99 4)
39･ J. P. A dle r- M o o re
,
and R. T･ Pr offitt: Dev elopm ent, char acteriz atio n, efficacy and
- 76-
m ode ofa ctio n of An Bis om e
,
a u nilam ella rlipos om al fo - ulation of Amphotericin
B･ J･ Llbosom eRe s･ 3, 42 9-450(1 993)
40･ E･ W ･ M ･ Van Ette n
I
W ･ van den Heu vel-de Gr o ot
,
a nd I. A.I. M . Bakker-
w o udenberg: EfEicacies of amphotericin B-deo苧cholate(Fungiz o ne), lipo s om al
amphotericin B(An Bis o me) and 伽 co n a z ole l nthe tr eatm e nt of systemic
c a ndido sis in im mun o c ompete nt a nd leu cope nic mice･ J･ An timicrob. Chem o ther.
32
,
723-73 9(1 993)
41･E･ W ･ M ･ Van Ette n
,
M ･ Otte- La mbillio n
,
W ･ Van Via n e n
,
M . T. Ten Kate a nd I. A .∫.
M ･ Bakker- W oude nberg‥Biodistribution of lipo som alamphot占ricin B(Am Biso me)
a nd amphotericin B-deo xycholate (Fungizon e)in u ninfected im m u noco mpete nt
mice and le uc ope nic mice infected with Ca ndida al bic a n s. J. Antimic rob.
Chem other･ 35
,
5 09-519(1 995)
42･ G･ Lopez
- Berestein
,
R･ Metha
, R･ L･ Hopfer, K･ M ills, L･ Karsi, K･ MethaJ. V .
Fain stein
,
M ･ Luna
,
E･ M ･ Hersh a nd R･ Jtliano: Treatm ent a nd prophylaxis of
disseminated infectio ndueto Candida al bic a n sin mice with lipo s o me - en capsulated
amphotericin B･ J･ Infect･ D is･ 147, 939- 45(1983)
43･ K･ V･ Clem o n s a nd D･ A ･ Stev e ns: EfEic a cies of amphotericin B lip dco mplex
(AB L C) and c o n ve ntio nal amphotericin B again st m urine c occidiodo myco sis. I.
Aniimicrob･ Chem o the r･ 30
,
353- 63(1992)
44･ T･ F･ Patters o n, P･ M initer, J･ D ijkstra, F･ C･ Sz oka Jr” J. L. Ryan and V. T.
An driole:Treatm ent ofexperim ental invasiv e aspergillo sis withn ov elamphotericin
B/chole ster olsulfate c o mplex e s･ J･ Infect･ D is･ 159, 717- 24(1989)
45･ S･ C･ flartsel) C･ Hatch a nd W･ Aye new: Ho wdoes a mphotericin B w o rk?:Studies
o n m odelm e mbr a ne system s･ J･ Lipo s o m eRes･ 3, 37 -408(1993)
46･ G･ Gate s andR･J･ P 血ey: Amphotericin B and itsdeliv eryby lipo s om al a nd
lipid fo r m ulatio n s･ J･ Clin･ P ha m acol･ Ther･ 18, 147-15 3(1 993)
47･ R･ Ja nknegt)S･ De Marie)II A ･ J･ M ･ Bakker- W oudenberg andD ･ J･ A ･ Cr o m melin :
Lipo s o mala nd lip d fo -ulation s of Amphotericin B - Clinicalpha m a c okin etics･
Clin･ P harm a c okin et･ 23
,
279-291(1992)
48･ J･ W ･ Eie m e n z a nd T･ J･ W alsb: Lipid fo 皿ulatio n s of a mpbotericin B: Rece nt
pr ogr e s s a nd futu redir e ction s･ Clin･ h fect･ Dis･ 22(Stlpp1 2),S 13311 44(1 996)
49･ J･ W ･ fleim e n z and T･ J･ W alsh: Lipid fo - ulatio n s ofamphotericin B･ J･ Lipo s o me
Re s. 8
,
44 3-467(199 8)
50･ M ･ Gulati
,
S･ Bajad, S Singh, A･ J･ Ferdo u s a nd M･ Singh: Developm ent of
lipo s o m al mphotericin B fo r mulation . J･ M ic r o e nc apsulation 15, 137-151(1 998)
511 E･ W ･ M ･ Va n Ette n
,
W ･ Van V ia nen
,
R. Ti5huis, G. Sto m 血d I. A . J. M . Bakker-
W oudenberg: Ste ric ally stabilized amphotericin B-1ipo s o mes:toxicity and
biodistri butionin mice･ J･ Co ntrolled Rele as e37
,
123-129(1995)
52･ E･ W ･ M ･ Va n Etten, M ･ T･ ten Rate, L･ E･ T･ Ste ar ne, a nd I. A .J. M . Bakkeト
W o udenberg･
･ Anphote ricin a lipo s o m e sprolonged cir c ulation in blood: h vitro
antifungala ctivity,to xicity, a nd effic a cyl n Systemic candidia ssinle ukopenic mice･
Aniimicrob･ Age nts Che m other･ 39, 1954-1958(1995)
53･ S･ Kohn o
,
T･ Otsubo
,
E･ Ta n aka
,
K･ Ma ruya m a, and K･ Har a: Anphotericin B
e n c apstlated inpolyethyle n eglycol-i mm un olipo s o mesforinfe ctiousdiseases. A dv.
Dr ugDeliveryRev･ 2 4, 325-3 29(1 997)
54･ K･ M ori be
,
K･ Ma ruya m a〉 E･ Ta n aka, M ･ Iw ats u ru, T. Ots ubo and S. Kolmo:
Cha r a cteriz ado n ofpolye n e antibiotics en c apsulati
-
ngP E G-1ipo s o m es･ InT･ A k ai ke,
T･ Okan o, M I A kashi, M ･ Ter an o and N･ Yui
,(eds･), A dva n ces in Polymeric
Bio m ateri alsScienc e, C MC Co･) Ltd･ , Tokyo, 1997,pp･ 213-222
55･ T･ Otsubo
,
K ･ M aruy am a, E･ Tan aka, T･ Takiz a w a, K･ Moribe) Y･ M iya z aki, S･
- 7 7-
M a es aki, H･ Koga a nd S･ Kohn o: Jn vivo effic ency of long- cir culating
血 m un oliposo malamp血otericin ち agalnS･=n vasiv epu 血 onarya spergillo sisin mice･
AntimicT-Ob･ Agents Che mothe r･ 42, 40-44(199 8)
5 6･ A ･ H･ T ho mas: Analysis a nd as s ay ofpolyene antifungalantibiotics･ An alys t101,
32 1-340(1 976)
57･ HI Rin nert
,
C･ T hir o n
,
G･ Dupo ntand J･ Lem atre:Structuralstudies o naqu eous a nd
hydr o alc oholic s olution s of a polyene antibiotic: amphotericirl B･ Biopolym ers16,
241 9-2427(1977)
58･ C･ Em st, J･ Gr ange, E･ Rin n ert, G･ Dupo nt and J･ Le血 atre: Structure of
amphotericin B aggre agtes asrevealed by U Va nd CD spe ctro scopl eS･ Biopolym ers
20, 15 75-15 88(1981)
59･ J･ Barwicz, W ･ I･ G ru s ze ckia nd I･ G ruda:Spo nta neous o rganiz ation ofa mphotericin
B in aqueotlS m ediu m･ J･ Colloidlnt･ ScL 158,7 ト76(1993)
60･ A ･ R･ B alak rishn a na nd K･ R･ F･ Eas waran: C Dand N M Rstudies on the aggr egation
ofamphotericin - B in s olutio n･ Biochim ･ Biophys･ Acta l14S,26 9-277(1 993)
61･ A ･ As z alo s, A ･ Ba 又, N･ Bu rlin s o n, P･ Roller and C･ M cNe al:P bysic o cbemic al a nd
micr obiologic al c omparis on of nystatin, am photericin A a nd amphotericin B, a nd
stru ctu re ofa mphotericinA･ J･ Antibiotic s3S, 1699-1713(1985)
62･ C･ Petit
,
V･ Yardley, F･ Gaboria u, J･ Bolard and S･ L･ Cr oft: Activity ofa he at-
indu ced refo r m ulation of a mphotericin B deo xycholate (fu ngiz o ne) again st
Le ishm aniado n o v a ni･ An timic rob･ Age n tsChem other･ 43, 390-2(1999)
63･ F･ Gaboria u
,
M ･ Cheron, C･ Petit a nd J･ Bolard: Heat-indu ced superaggr egatio n of
amphotericin B redu cesitsin vitr oto xicity: a new w aytoimpr oveitsther apeutic
index･ Antimic r ob･ Age n tsChe mothe r･ 41, 2345- 1(1 997)
64･ B･ D･ E mi3fEa nd R. A･ De m el:Polye n e antibiotic-ster ol intera ctions in m embr anes
of Acholeplas n aL ai dlawi icells and lecithinlipo s o mesIII･ Molecular structure of
the polye ne antibiotic- cholester ol co mplexes･ Biochim ･ Biophys･ Acta 339, 57-70
(1 974)
65･ A･ R･ Balakrishn a n a nd K･ R･ F･ Ea s w ar n: Lipid-amphotericin ち c o mplex structu re
in s olution :A po ssible 王irst step in the aggregation pr o cessin cell皿 embrane ･
Bio chemistry32,4139-4144(1993)
66･ A･ Vertut Cr oqul n, J･ Bolard, M ･ C habbert and C･ Gary Bobo: Differen c esin the
inte r a ctio n ofthe polye ne a ntibiotic a mpbotericin B vitb cbolester oト orergo ste roト
c o ntaining pho spholipidvesicles･ A cir cular dichrois m a nd perm e ability study･
Bio che mistry22,2939-44(1983)
67･ J･ Bola rd
,
P･ Legr and, FI Heitz and B･ Cybulska: One-sided a ction ofa mphotericin
B o n chole ster ol-c o ntaining m e mbr a n esi determinedbyits self-a ss o ciatio ninthe
m ediu m . Bio che mistry30,57 07-15(1 991)
68･ S･ C･ Hartsel
,
S･ K･ Ben z
,
R･ P･ Peters o n
,
a nd B･ S･ Whyte: Potas siu m -s electiv e
Amphotericin B cha n nels ar epredominant in vesicles r egardles s of sidedn es s.
Bio chemistry3 0,77-82(1991)
69･ S･ C･ Hartsel
,
W ･ R･ Perkin s
,
G･ J･ M cGa rvey, a nd D･ S･ Cafis o: A selective
chole ster oI- depe ndentindu ctio n of fI＋/0 臥 ctlrre ntSin pho spholipidァesicles by
a mphotericin B･, A selectiv e cholester ol-dependentinduction of H＋/0 臥c u rrentsin
pho spholipidv e siclesbya mphotericinBI Bioche misiTy27,2656-2660(1988)
70･ J･ Bola =d
,
M ･ Seigne ur et a nd G･ Botldet･
･ Intera ction betw ee npho spholipid bilayer
m e mbr a n es a ndt也e polye ne a ntibiotic a mpbotedcin B･ Lipidstate a nd 血olester oI
c ontentdependen ce ･ Bio chim ･ Biophys･ Acta 599,280-293(1980)
71･ J･ Milha ud
,
M ･ A･ Hartm a - and J･ Bolard:Intera ctio n of the polyen e antibiotic
a mphotericin B with m odel m embr a nes: differences betw e n s m alla nd large
- 78-
unilam e11arve sicles･ Biochimie71, 49-5 6(1 989)
72･ K･ W oj
'
towic z
,
W ･ I･ G ru s zecki
, M I W alicka a nd J･ Barwicz :Effect ofamphotericin
B on dipalm itoylpho sphatidylcholin e m embra n es: calorim etry, tltr asound
abs orptio n a nd m o n olayertechnique studies･ Bio chim ･ Biophys･ Ac ta 1373,22 0-226
(1998)
73･ I･ Fou mier
,
J･ Ba rwic z a ndP･ Ta n crede: The structtlring effects of amphotericin B
o npu r e a nd ergo ster ol- o r chole ster ol- c ontaining dipalm itoylpho sphatidylcholine
bilayers:adifferentials c an m ng calorim etrystudy･ Bio chim ･ BiQPhys･ Acta且373,76-
86(1998)
74･ M ･ B･ M artin
,
M ･ M ･ Bello
,
and I･ 0･ Bla
'
ke :A mic r o s c opIC electr o s c opIC m odel for
the amphotericin a chann el･ Bio chim ･ Biophys･ Acta 1061,65-77(1991)
75･1J･ Calllet
,
J･ Berges, and J･ Langlet: The o reticalsttldy ofthe self- as s o ciatio n of
amphotericin B･ Bio chim ･ BiophysI Acta 124 0,179-195(1 995)
76･ V･ Ⅹ五uto r sky:Io n c o ordin atio nin a mphotericin B cha 皿 el･ Biophys･ J. 71, 2984-
2995･(1 996)
77･ M ･ Bagin ski, H･ Re s at and J･ A ･ McCam m o n :Molec ula rpr opertie s ofa mphotericin
B m embr ane ch an nel:A m ole culardynamics sim ulation･ M oll P ha r m a c ol. 52, 560-
57 0(197)
78･ J
･ La nglet, J･ Be rges, J･ Caillit, and J･ P･ De mar et: Theo r etic al shldy of the
c omplexatio n of a mphoterich B withster ols･ Biochim ･ Biophys･ Acta i191, 79-93
(1 994)
79･ P･ Ganis
,
G･ Avitabile
,
W ･ M echlin ski, and C･ P･ Schafher: Polyene m acr olide
AntibioticA mphotericin B･ Crystalstru cture oftheN -Iodoacetyl derivative s. J. Am .
Chem ･ Soc1 93
,
4560-4564(1 971)
80･ A･ S･ Jan off
,
L･ T･ Bo nュ
,
M ･ C･ Popes c u, S･ R･ M inchey' P･ R･ C叫11is, T･ D･ Madden,
T･ Tar as chi
,
S･ M ･ Gruner
,
E･ S hya m s u nder, M ･ W ･ Tats, R. Mendels ohn and D.
Bol m e r:Un tlS ual 1ipidstru ctures selectiv elyredu cethe to xicity ofa mphotericin B･
Pr o c･ Natl･ Acad･ Sci･ 85
,
612 2-6126(1988)
81･ C･ W ･ M ･ Gr a nt
,
K S･ Ha milto n
,-
K D･ Hami 1to n and K･ R･ Barber: P hysic al
biochemistry of a lipos o mal amphotericin B mixttlre used forpatient treatm e nt.
Bio chim ･ Biophys･ Acta 984,ll-2 0(1 98 9)
82･ K. S. Eami1ton, K. R. Ba rber, I. H. Davis, K. Neiland C. W . M . Gr ant:Phase
beha vio r of amphotericin B m ultila m ellar v esicles･ B io chim ･ Biophys･ Acta 1062,
220-226(1 991)
83･ W ･ R･ Pe rkin s
,
S･ R･ M in chey, L･ T･ Bo ni〉 C･ E暮 Sw e n s on , M ･ C･ Popes cu, R･ F･
Paster n a ck and A･ S･ Ja n ofE: Anphotericin B-pho spholipid interactio n s r esponsible
for redu c ed m a m m alin c ellto xicity･ Bio chim ･ Biophys･ Acta 1107,271-2 82(1 992)
84･ K･ M ･ Schafer
,
J･ Blechs ch mi dt and HI CI Ko rting: Clin caltlSe Of oralnystatinin
the pr e ventio n of systemic c a ndido sisin patients at pa rticular risk･ Myco s e s39,
32 9-39(1 996)
85L A･ Oehling, M ･ Gir o n and M ･ L･ Subir a : A er os ol chem other apy in
br o n chopulm o n ary candidiassI Re spir atio n32, 179-1 84(1975)
86･ A･ J･ Sin clair
,
A I H･ Ro s sof a nd C･ A ･ Coltm am: Recognitio n a nd s u c c essful
m a n age mentin pulm o n a ry aspergilosisinleukemia･ Cancer42, 201 9-2024(1978)
87･ K M･ T ha n
,
K･ S･ Naing a nd M ･ M 血 Oto myc osi in Btlr m a, a nd itstreatm ent. Am .
J･ Tr op･ Med･ Hy g･ 29,620- 62 3.(1980)
88･ V･ Po n s
,
D, Gree n spanl N ･ F･ Lo z ada, L･ M cPhail, J･ E･ Gallant, A･ Tunkel, C. C.
John s o n
,
J･ M cCa rty, I. Pa n zer, M . Leven stein, A . Ba rr a n c oand S. Gre en:
Or opbaryngeal c a ndidiass in patie nts with A ID S: rando miz ed c o mpa ris o nof
nu c ona zole vers u s nystatin o r als uspen sio n s･ Clin･ Infe ct･ D is. 24, 1204-7(1997)
- 79-
89･ R･ T･ M ehta
,
R･ L･ Hopfer, L･ A ･ Gu - e r, R･ L･ Juliano a nd G･ Lopez- Be r estein:
Fo r mulatio n
,
to xicity, ?nd anti fungal a ctivity in vitro of lipo s o me - en c apsulated
nystatin as therapeutic agent for systemic ca ndidiass･ Ani microb
･ Age nts
Che m other･ 31
,
1 897-1900(1 987)
90･ R･ T･ M ehta
, R･ L･ flopfer, T･ McQu een, R･ L･ Julia n o and GI Lopez- Be restein :
To xicity and ther ape utic effects in mice oflipo s o me - en c aps ulated nystatin for
systemic fungal infection s･ Andmicrob･ Age nts Che m other･ 31, 1 901- 903(19 87)91･ T･ L･ W alla ce
, V･ Paetznick, P･ A ･ Co ssu m
,
G･ Lope z- Berestei.A,.J. 昆 Rex a nd E.An ais sie:Activity of lipo s om alnystatin againstdis semin ated AspergillusPLmigatus
in fectio nin n eutrope nic mice･ Anb
･
microb･ Age nts Che m othe r･ 41, 2238- 22 43
(1 997)
92･ V･ D ･ N ew c o m er
,
E･ T･ W right, T･ H･ Stemberg,J･ H･ Graham , R. H . Wier and R. 0.
Egeberg: Evalu atio n ofnystatinin the tr e atm ent ofc o c cidioido myc o sis* m a n. In.･
T･ H ･ Ste mberg, V･ D ･ New c om er,(E d･), Ther apyof fungus disea ses. Little, Br o wn
a nd Co., Bo sto n, M as s. 1955
93･ N･ 0･ Peters en
,
R･ Gr atton a nd E･ M ･ Peter s:Fluores ce nce pr operties ofpolye n e
antibiotic sinpho spholipid bilayer m e mbr a nes･ Can･ J･ C hem r 65, 2 38-244(1987)
94･ M ･ A ･ Ca stanho
,
A ･ Co utinho a nd M･ J
･ P rieto:A bs orptio n and nu ores cen ce spe ctra
ofpolyene a ntibioticsinthe pr e sence of cholesterol･ J･ Biol･ Che7n･ 5
,
267
, 2 04-9
(199 2)
95･ A ･ Co utinho a nd M･ P rieto: Self-a s s o ciatio n ofthe polyene antibiotic nystatin in
dipalmitoylpho sphatidylcholine v esicles: a tim e-r e s olv ed nuo res cen ce study･
Biophys･ J･ 69, 2541-25 7(1 995)
96･ J･ Milha ud
,
J･ Berrehar, J･ M ･ Lan c elin, B･ M ichels, G. RafEa rd and E. J. Dufourc:
Ass o ciatio n of polye ne antibiotic s with ster ol-fre e lipid m e mbr a nes II.
flydr ophobicbindingofnystatin todilau r oylphosphatidylcholine･ Bio chim ･ Biophys･
Ac ta1326
,
5 4-66(1997)
97･ J･ Bola rd:flo w do the polyene m a c r olide a ntibiotic saffe ct也 e cellular membr ahe
pr operties? Bio chim ･ Biophys･ Ac ta8 64,25 7- 304(1986)
98･ K･ M aruya m a, T･ Yuda, S･ O kam oto, S･ Kojim a, A. Suginaka a nd M. Iw ats u ru:
Pr olo nged cir c ulatio ntim e in vitro of large u nila mellarlipos o m e s c omp sed of
distea r oyl-pho sphatidylcholin e a nd cholester ol c o ntaining a mphiphatic poly
(ethylen eglycol)I Bio chim･ Biophys･ Ac ta l12 S,44-49(1992)
99･ a S him ada
,
A ･ M iyagishim a, Y･ Sadz uka, Y . No z a wa, Y. M ochiz uki, I. O hshim a
and S･ flir ota:Dete -ination ofthe thicknes s ofthe fix ed aqu eo u slayer a ro u nd
polyethyleneglycol- c o ated lipos o mesI J･ Dr ugTa rgeting3, 283-289(1 995)
100･ A ･ K ･ Kenw o rthy, S･ A I Sim on and T･ JI M chto sh:Structtlre and pha se behavio r
(
o
e
f
tiiypl
i
e
d
n
s
e
u
;Fy
e
c
n
.
s
l
i
)
o
.
n
B
S
i:S
n
hi
a
s
i
.
ni?g68P
,
h
l
O
,
S
.
P
3
h
_
o
1
'ljp2i.ds(1
W
,
i
;h5)
COVale ntly attached poly
lOl･J･ M a2:erSki
,
J･ Bolard a nd E･ Bo r o w ski: Effect ofthe m odific ation of io nizable
gr oups of a mphotericin B o n its ability to fo r m co mplexes wi thster ols in
hydr o alc oholic m edial Bio chim ･ Biophys･ Acta 12 36,170-176(1995)
102･ W ･ M e chlin skia nd C･ P･ Schafher:N - Acylation a nd esterific atio n rea ctio n swith
amphotericin B･ J･ Antibiot･ 25, 256-258(1972)
1 03･ B･ G･ Yu
,
T1 0 ka n o
,
K･ Kataoka
,
S･ Sardariand G. S. Ew o n: h vit･r odis s o ciatio n
ofa Jltifungaleffic a cy andto xicityfo r a mphotericin B -lo adedpoly(ethyle ne oxide)-
blo ck-poly@eta ben zyl Laspa rtate) micelles･ I Controlled Relea s e56, 285-91
-(19 8)
104･ E･ Eriks o n and P･ A･ Albertso n:T he effe ct of lip dc ompo sitio n o nthepartition of
lipo s o mes in aqueous tw oIPhase syste m s･ Bio chim ･ Biophys･ Acta 507, 425-432
- 80-
(1978)
105･ D･ Fisher:T he separatio n of cells a nd o rgan elles by pa rtitioningintw o-polym er
aqueo u sphase system s･ Bioche m･ J･ 196, 1-10(1 981)
106･ C･ Tilcock, P･ Cullis, T･ Demps ey, B･N･ Yo uen s a nd D･ Fisher:Aqu eoustw o-pha se
polym er partitioning Of lip dvesicle s of defined siz e and c o mpo sitio n･ Biochim ･
Biophys･ Acta 97 9,208-214(1989)
107･ C･ Tilc ock, R･ Chin, J･ Veir o, P･ Cuuis andD･ Fisher:Detectio n ofsurfa c echarge-
related pr ope rties in m odel m e mbr an esyste ms by aqu eous tw o-pha se pa rtitio n･
Bio chim ･ Biophys･ Acta9 86,167-171(1989)
108･ C･ Tilc o ck, J･ C･ Senior, Delgado, D･ Fisher and G･ Gregoriadis: Partitionlng Of
lipo s o m esin aqu e o u stw o-phase system ･ h: G･ Gregoriadis (E d.), Lipo s om e
Tecbn ology2ndeditio n, Vol･ 1, C R C Pres s, Bo ca Rato n, F L, 1993,pp. 292-314
109･ J･ Se nio r, C･ Delgado, D･ Fisher, C･ Tilc o ck and G･ Gregoriadis: h 加e nce of
surfa ce hydr ophilicity of lipo s o mes on theirintera ctio n with plas m apr oteins a nd
clear an ce fr o mthe circulatio n: studies with polyethylene glyc ol- c oated v esicles.
Bio chim ･ Biophys･ Ac talO62,77-82(1991)
110･ B･ R･ Le ntz: Me mbr a ne "fluidity
”
asdetected bydiphe ny比 exatrie n epr obes. Che m.
P hys. Ll
'
pids 50, 171- 90(1 989)
111D･ Illinger, GL Duportai l, Y･ M ely, N Poirel- Morales, D･ Ge rard a nd J. G. Kuhry:A
co mparis o n ofthe flu o res ce nce properties of T M A- D P Ha s apr obe fo rplas m a
m embr a ne a nd fo r endocytic m embr ane . Biochim . Biophys. Acta 1239, 5 8-66
(199 5)
11 2･ F･ Gabo ria u
,
M ･ Cberon
,
L･ Ler oy and J･ Bolard:Pbysic o- che micalpr ope rties of
the he aトinduced
､
superaggregates
､
of amphotericin B･ Biophys･ Chem . 66, 1
-1 2
(19 97)
11 3. A.L. K liban ov
,
K･ Ma ruya m a, A ･ M ･ Beckerleg, V･ P･ To r chilin and L. Hua ng:
Activity of ampbipat血icpoly(etbylene glyc ol)5 000toprolongtbe 血 culatio ntim e
oflipo s o mes depends o nthelipo s om esize a nd is u nfa vorable 払rim mun olipo s o me
bindingtota rget･ Biochim ･ B iophys. Acta 1062,142-14 8(1991)
114. N. Petersen
,
R. Gr atton a nd E. Piste rs: F ho rescence pr operties of polye ne
a ntibiotic sinpho spholipidbilayer me mbr an es･ Can ･ J･ Che m･ 65, 238-244(1 987)
115. ∫. M ilba ud and B. M icbels:Binding ofnystatin a nd a 皿pbote rici皿 B withste r oト缶e e
IJ -dilaur oylpho sphatidylcholinebilayer s resultinginthelfor m ation of dichr oiclipid
su perstru ctu r e s. Che m･ Physlipids101,223-235(199)
116. A. S. Ladokhin, W . C. W i miey a nd S. H. W hite : Leakage of m embr a ne vesicle
c optents:dete rmin atio n of m e chanis m usi ngnuO reS Cen C e requ enChing. Biophys･ J.
69
, 1964-1 971( 9 5)
117. R. A . Bla ckw o od, I. E. Sm olen, R. J. Hessler, D. M . Har sh a nd A. Tra n su e,
Developm e nt ofa naque o u s- pa c e m lX l ng as sayforfu sio n ofgran ules a ndpla s m a
m e mbr an e sfro mhu m a n ne utrophils. Bio che m. I. 314,469-475(1996)
118. T. M . Al le n and L. G. Cleland: Seru m-indu ced leakage of lipos o m e c ontents･
Bio chim . Biophys. Acta 597,418-426(1980)
119. R. R. C. Ne w :C ha r a cteriz atio n of lipo s o mes･ In:R･ R･ C･ N ew ,(Ed･), Lipps om es:
apr a cticalappr o a ch,I R LPress, 0Ⅹford, 1990,pp･105-1 61
120. T･ Kats u: Applic atio n of c alc ein-loaded lipo s o m e sfor the determination of
m e mbra ne cha -elsize･ Biol･ Pbar m. Bull･ 22, 978｢980(1 99 9)
121. B. M alewic z
,
M . M o m sen
,
H. M . Jenkin and E. Bo r o w ski:Pote ntiatio n ofa ntivir al
a ctivity of a cyclovir by polyene m a cr olide a ntibiotics･ Antimicr ob･ Agents
Che m otheT･. 2 5
,
772-4(1984)
122. K. T al1ar a, S, As ari, Y . S him o mur a, T. Endo a nd T. Y an agihar a: Ev alu atio n of
- 81-
effective treatm entdrugs again st Ac a ntha m oeba cyst･ 彪 n s enshogaku Zasshi 71,
1 02 5-30(1 997)
123･ J･ M ilhaud, J･ M L Lancelin, B･ Michels a nd A･ Blu m e ･･ As s o ciation of polye n e
a ntibiotic s with ster ol-fr e elipidm e mbranes:I･ flydr ophobic binding offnipin to
dimyristoylpho sphatidylcholin e bilaye rs･ Biochim ･ Biophys･ Acta 1278, 223-232
(1 996)
124･ M ･ Br a ndl, D･ Bachm a 皿, M I Drechsle r and K･ fit Ba u e r:Lipo s om epreparation
using high-pressure ho m ogeniz ersI In: G･ Gregriadis(E d),
" Lipo s o me Tech. 2nd
ed･ ”
)
V ol･ 1
,
C R C Press
I
Bo c a arton
, F L, 1993,pp･ 49165
125･ Y･ Barenbolz･ Y ･ A m selem and D･ Litcbtenberg:A ne v m etbod ねrpreparatiol Of
pho spholipidvesicles(lipo s om es)･ F E E S Lett･ 99, 210T214(1979)
126･ E･ M ayhe w, R･ La z o, W ･ J･ Vail, J･ King andA . M . Gree n: Characteriz ation of
lipo s o mesprepa red usi ng a microem ulsifier. Bio chim . Biophys. Ac ta 775, 16 9-174
(19 84)
127. H. T als m a
,
A . Y. Oz e r
,
L. Van Blo ois and D. J. A . Crom melin:T he size redu ction
of lipo s o m e swith ahighpres s ureho m ogenizer(micronuidizer TM). Chara cterization
ofprepar ed dispersions a nd c o mparis o nwithc o n v e ntio n alm ethods. Dr ugDev. Ind.
Pha 7･ m . 1 5
,
197-2 07(1 989)
128･ M ･ Br a ndl
,
D･ Bachm a n n
,
M ･ Drechsler a nd K･ H. Bauer:Liposom epr eparatio nby
a new highpressure ho m oge niz e rGa ulin M icr o nL A B 40. Drug D ev. Ind. Phar m.
16
,
21 67-2191( 990)
129. K . Ki kuchi
,
A. Ca rls s o n
,
K. Ya chia nd S. H ir ota:Pos sibilityof he atsterilization of
lipo s o mesI Chem ･ P ha r m･ Bull･ 39, 1018-1022(1991)
130. K･ Ki kuchi
,
H･ Y am a uchiand S･ Hir ota:J･ L;po s o m eRes･ 4, 71-91(199 4)
131･ P･ S･ Uste r
,
T･ M ･ Allen
,
B･ E･ Da niel
,
C･ J･ M ende z
,
M ･ S･ New 甲a n a nd G･ Z･ Z he:
In sertio n of Poly (ethylene glyc ol) derivatized pho spholipid into pre-for med
lipo s o m e s res ultsin pr olonged in vivo circ ulation tim e･ F E E S Lett･ 3 86, 243
-2 46
(1 996)
13 2. F. K. Beau- A ddo
,
P. Ta ng, Y ･ Xu and L･ Htlang:hteraction ofpolyethyleneglyc ol
-
pho spholipidc o n3ugateS with cholester ol
-pho sphatidylcholine mixttlreS:Sterically
stabilized lipo s o m efr o m ulatio n s. P ha r m･ Res･ 13,718
-7 24(1996)
- 82-
Publication s
K. M oribe, K ･ M a ruya ma and M ･ Iw atstlru:Estim atio n ofsu rfac e state ofpoly(ethylen e
glyc ol)- c o ated lipo s o m es u sing an aqu eoustw o-phasepartitio nte clm iqu e･ Che m. Pha rfn.
Bull. 45
,
1683-1 687(1997)
K. Moribe, E･ Tanaka, K･ M aruyam a a nd M･ Iw ats u ru: Enha nced en c apsulation of
a mphotericin B into lipos om es by co mplex form ation with polyethyle n e glyc ol
deriv ativ es･ P haT.m ･ Re s･ 15
,
1 737-1 742(1 998)
K･ Mo ribe
,
K･ M aruyam a and M･ Iw atsu ru: En caps ulation char a cteristics ofnystatin in
lipo s o mes: effects ofcholester ola ndpolyethylene glycol deriv ativ es. Int. J. Pha r m. 188,
193-202(1 999)
K. Moribe, K. M aruyam a and M . Iw atsu ru: M olecular lo c aliz ation a nd state of
amphotericin B inP E G lipo s om es･ Int･ J･ P ha r m･ 193, 97-106(199)
K･ Moribe
,
K･ M a ruya m a a nd M･ Iw atsu ru:Spectr o scopICinv estigation ofthe m ole c ular
state ofnystatin encapsulatedinlipo so m es ･ Int･ J･ P ha r m･ 2 01, 37-49(2000)
- 83-
T histhesis fo rthe Degre e of Docto r of Pha rm a ceutical Science s w asexamined by
follo w ing refe re es authoriz ed by Gradtlate Scho ol of P har m a ceutic al Scienc?s, C hiba
University.
Kei3i Ya m am oto, P h･ D ” Pr ofes s o r of C hiba Univer sity
(Fa cultyof Pha rm a ce uticalScien ces), Ch air ma n
To shiharu Horie, P h･ D･ , Pr ofes s o r of C hiba Univ e rsity
(Facultyof Pha r m a ce utic al Scie nces)
Ya susbi Aran o
,
P 血･ D･
,
Pr ofe s s o r of CbibaUniversity
(Fa c ultyof Pbar 皿a Ce uticalSciences)
Ra nChiba, Ph. D . , Pr ofes s o r of Chiba Univ er sity
(Facultyof P har m a c e utic al Scie n ces)
M its uka z nEitada, P h･ D･ , Pr ofessor of ChibaUniv ersity
(Univ ersityHo spital,Scho olof Medicine)
- 84-
